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INTRODUCTION. 


When  we  examine  the  objects  of  the  universe  as  tmcon- 
nected  with  each  other,  we  study  their  shape  and  colour,—* 
we  inquire  into  the  methods  by  which  they  have  been  form- 
ed, and  endeavour  to  ascertain  whence  they  are  procured. 
When,  on  the  contrary,  our  attention  is  drawn  to  the  va- 
rious changes  that  are  daily  going  on  among  them,  we  view 
them  in  connexion^ — we  endeavour  to  find  out  their  com* 
position,  investigate  the  laws  by  which  they  are  influenced, 
and  examine  the  results  of  the  operations  of  these  laws. 
Thus  the  study  of  the  material  world  is  divided  into  two 
great  branches.  Natural  His  toby,  and  Natfbal  Philo- 
soPHT  ;  the  former  giving  a  description  of  the  objects  of 
the  universe,  the  latter  considering  the  laws  by  which 
they  are  governed. 

The  laws  which  influence  matter,  are  those  of  At- 
TKACTioN  and  Repulsion.  If  a  stone,  held  in  the  air, 
be  let  go,  it  instantly  falls ;  or  if  a  piece  of  sugar  be 
put  into  water,  they  do  not  continue  inactive,  the  far- 
mer quickly  disappears,  and  the  latter  acquires  a  sweet 
taste  ;  changes  ascribed,  in  both  cases,  to  an  attraction 
existing  among  objects,  which,  when  they  are  under  fa^ 
vourable  circumstances,  causes  them  to  approach  or  com- 
bine. 

On  the  other  hand,  when  heat  is  applied  to  a  body,  it 
is  enlarged  ;  or  if  two  loadstones  be  placed  in  a  particu- 
lar position,  they  instantly  retire  from  each  other;— »an 
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effect  opposite  to  the  former,  for,  instead  of  being  at- 
tracted, they  are  repelled ;  and  which  is  ascribed  to  a 
repuUion  existing  among  substances,  or  their  particles, 
by  which  they  are  made  to  recede. 

By  the  operation,  then,  of  attraction  and  repulsion  on 
the  different  objects  of  nature,  are  produced  the  various 
events  which  are  daily  going  on  around  us.  The  hea- 
venly bodies  are  retained  in  their  places,  and  regulated 
in  their  movements  ;  substances  are  presented  to  us,  in 
the  form  of  solids,  fluids,  and  airs ;  and,  by  their  ope- 
ration, many  important  changes  ensue  on  the  approach 
of  these  to  each  other.  To  investigate  these  laws,  to 
point  out  the  changes  produced  by  them,  and  to  ascer- 
tain the  powers  by  which  they  are  influenced,  consti^ 
tutes  that  branch  of  science  called  Natural  Philoso- 
phy. 

But  attraction  and  repulsion  are  of  two  kinds,  distin- 
guished, by  the  objects  on  which  they  operate,  and  the 
changes  they  occasion.  One  kind  acts  on  bodie^placed 
at  a  distance,  causing  them  to  approach  ;  a  change  of  si- 
tuation being  the  only  one  effected ;  while  another  acts 
on  them  only  when  in  contact,  causing  them  to  fmitey 
and  undergo  an  alteration  of  properties. 

These  laws  are  still  farther  distinguished.  The  attrac- 
tion which  produces  only  change  of  situation,  acts  on 
the  mass  ;  the  other,  that  occasioning  change  of  proper- 
ties! acts  on  the  particleSj  making  those  of  the  one  com- 
bine with  those  of  the  other,  and  form  the  new  substance. 

This  difference  between  the  different  kinds  of  attrac- 
tion,— ihe  one  acting  on  the  mass,  and  causing  only 
change  of  situation, — the  other  operating  on  the  parti- 
cles, and  producing  an  alteration  of  properties,  has  given 
rise  to  the  division  of  Natural  Philosophy  into  two 
branches :  the  one,  or  the  investigation  of  the  former 
species,  is  called  Mechanical  Philosophy ;  the  other. 
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or  the  examination  of  the  latter,  is  termed  Chemical 
Philosophy,  or  simply  Chemist&t. 

These  laws,  however,  are  much  influenced  by  other 
powers,  as  heat,  light,  electricity,  and  galvanism.  In 
some  cases  they  promote,  in  others  they  retard,  their 
operation.  They  must  therefore  also  be  examined ;  the 
laws  by  which  they  are  governed,  and  the  changes  they 
produce,  must  be  illustrated.  A  wide  field  of  investiga- 
tion is  thus  presented  to  us : — We  have  to  point  out  the 
nature  and  composition  of  bodies  ;  examine  the  changes 
they  undergo  by  the  operation  of  attraction  and  repul- 
sion ;  we  have  also  to  ascertain  the  efiects  of  heat,  light, 
electricity,  and  galvanism,  and  illustrate  the  laws  by 
which  they  are  regulated. 

As  we  have  thus  not  only  to  point  out  the  nature  and 
composition  of  bodies,  and  the  changes  they  undergo, 
but  also  to  investigate  the  powers  by  which  attraction  is 
influenced,  Chemistry  has  been  usually  divided  into  two 
great  branches,  the  General  and  Pabticxtlar  doctrines, 
— the  former,  including  the  investigation  of  heat,  light, 
electricity,  galvanism,  and  the  circumstances  attending 
the  operation  of  attraction  in  general ;  the  latter,  con« 
taining  an  account  of  the  composition  and  qualities  of 
difierent  bodies, — a  division  to  which  I  intend  to  adhere 
in  the  present  work ;  so  that,  after  considering  attraction, 
and  the  powers  by  which  it  is  influenced,  we  have  next 
to  describe  the  properties  of  different  bodies,  dividing 
them,  as  usual,  into  the  three  great  classes, — the  produc- 
tions  of  the  mineral,  the  vegetable,  and  the  animal  king- 
doms. With  respect  to  the  classification  of  inorganic  pro- 
ductions, I  am  aware  that  that  which  I  have  adopted  is 
not  without  its  defects,  but  this  is  equally  applicable  to 
all  the  others  yet  recommended.     It  possesses  one  great 
advantage,  however,  that  of  bringing  together  substances, 
I  he  properties  of  which  are  similar,  and  in  which  I  con- 
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ceive  the  electro-chemical  arrangement  is  so  deficient. 
What  bodies,  for  instance,  are  more  dissimilar  in  their 
habitudes  of  action,  than  oxigen  and  chlorine,  yet  being 
considered  electro-negatives,  they  are,  according  to  this 
arrangement,  treated  of  together ;  while  chlorine  is  sepa- 
rated from  sulphur  and  others,  to  which  it  bears,  in 
many  respects,  a  strong  resemblance,  particularly  in 
forming  compounds,  the  qualities  of  which  are  alike. 

In  the  arrangement  I  have  adopted,  inorganic  bodies 
are  divided  into  acidifying  and  alkalifying  principles  *, 
acidifiable  and  alkalifiable  substances,  acids,  alkalies,  and 
compound  salts.  Acidifiable  bodies  are  divided  into 
simple  and  compound,  and  the  alkalifiable  ones  arc  ar- 
ranged under  three  heads;  Jirstj  those  forming  bases 
commonly  called  alkalies ;  secondy  those  forming  bases 
called  earths;  thirds  those  forming  bases  long  called 
calxes  or  oxids.  I  have  not,  however,  adhered  strictly 
to  the  arrangement  mentioned.  For  instance,  after  de- 
scribing the  alkalies,  I  have  thought  proper  to  consider 
the  salts  they  form  by  their  union  with  acids,  while  those 
of  each  earth,  and  common  metallic  oxid,  are  treated  of 
along  with  the  xdetal  of  which  they  are  composed, — a  de- 
viation adopted  for  the  sake  of  those  who  are  attending 
lectures  on  Chemistry,  for  whose  use  this  work  is  chiefly 
intended.  After  the  consideration  of  the  productions  of 
the  vegetable  and  animal  kingdom,  a  few  pages  are  given 
on  Analytic  Chemistry ;  and  an  Appendix  is  added,  in 
which  is  contained  matter  that  could  not  with  propriety 
be  elsewhere  introduced,  such  as  tables  of  the  strength  of 
acids,  solubility  of  salts,  &c. 


*  The  term  alkali  is  here  used  in  its  most  extended  signification,  a  salifi' 
i^le  hose. 
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SECTION  I. 


HEAT,  OR  CALORIC, 


W^HEN  a  person  places  his  hand  on  a  piece  of  hot  metal^ 
a  particular  sensation  is  excited ;  or  if  he  thrust  the  end  of 
a  poker  into  a  fire,  it  soon  becomes  red  hot  This  is  sup- 
posed to  be  owing  to  something  passing  from  the  metal 
to  the  hand,  or  from  the  fire  to  the  poker,  which,  in  ge- 
neral language,  is  called  Heai.  This  term  is,  however, 
employed  in  a  double  acceptation, — to  denote  both  the 
cause  and  the  effect.  A  more  correct  language  is  now 
adopted  by  chemists,  though  even  to  it  they  do  not  ad- 
here strictly.  The  word  Caloric  (derived  from  the  La- 
tin calorj  signifying  keat^)  is  used  to  denote  the  cause, 
while  the  term  Heat  is  still  retained  to  express  the  sensa- 
tioii.  By  Heat,  then,  we  are  to  understand  the  sensa* 
tion  produced  by  a  warm  body ;  by  Caloric,  the  active 
cause  of  this  sensation. 

Caloric  is  the  most  active  agent  in  nature.  All  ob- 
jects contain  it ;  but  different  bodies  have  different  quan- 
tities ;  and  on  this  depends  their  Temperattire,  It  has  a 
tendency  to  pass  from  one  substance  to  another,  though 
differently,  according  to  circumstances.  In  some  cases, 
it  passes  slowly  from  particle  to  particle  ;  in  others,  it 
darts  through  the  air  with  immense  velocity,  from 
body  to  another.     In  either  of  these  ways  heat  is  eoD 
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nicated,  till  an  equality  of  temperature  is  established, 
unless  prevented  by  the  operation  of  some  foreign  power. 
Besides  these,  Caloriq  produces  other  effects;  thus,  by 
receiving  it  a  body  is  enlarged,  and,  as  it  continues  to  re- 
ceive it,  the  enlargement  increases,  till  it  becomes  either 
fluid  or  vapour. 

Cold  is  generally  believed  to  be  merely  the  loss  of  ca- 
loric ;.  the  particular  sensation  excited,  by  what  is  called 
cold,  being  occasioned,  not  by  any  particular  agent,  but 
solely  by  the  abstraction  of  heat. 

The  most  vague  ideas  have,  from  the  earliest  times, 
been  advanced  concerning  the  nature  of  caloric,  but  only 
two  opinions  have  of  late  been  entertained  with  respect  to 
it.  According  to  some,  it  is,  like  gravity,  merely  a  pro- 
perty of  matter,  and  depends  on  a  certain  condition  of  the 
body  ;  according  to  others,  it  is  a  peculiar  kind  of  matter, 
governed  by  its  own  laws,  and  exerting  different  actions 
cm  substances.  The  former  has  been  called  the  Meohqpi^ 
caij  the  latter  the  Chemical  or  Maierial  theory. 

That  caloric  ia  merely  a  property  of  matter,  seema  to 
hove  been  advanced  by  Lord  Bacon ;  and  he  was  induc- 
ed to  adopt  this  opinion  from  considering  the  different 
facts  concerning  its  evolution,  more  particularly  during 
friction  and  percussion.  Many  bodies  when  rubbed 
become  warm,  and  some  even  take  fire,  of  which  we  have 
a  good  instance  in  phosphorus,  for  if  a  chip  of  it  be  put 
between  paper,  and  rubbed,  it  is  almost  instantly  kindled. 
In  this  way  forests  have  been  burned  by  the  branches 
rubbing  on  each  other  during  storms ;  machinery  also,  by 
the  friction  of  the  wheels,  and  ships,  from  the  cables  rub* 
bing  against  their  sides  during  the  lowering  of  the  anchor, 
have  likewise  been  set  on  fire. 

These  facts  drew  the  attention  of  other  philosophers  to 
the  subject,  but  more  particularly  that  of  Count  Rum- 
lord,  who  has  made  many  interesting  experiments  on  the 
subject.— (Essays,  Vol.  II.)  In  some  of  these,  he.  em- 
ployed the  apparatus  used  for  boring  cannons.  The  in- 
strument, weighing  15  lb.,  was  surrounded  by  181b.  of 
water,  at  60,  which,  in  the  course  of  an  hour,  rose  to  107, 
and  in  S^  houiB  began  to  boily  the  cylinder  revolving  82 
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times  in  a  minute.  Rumford  calculators  that  the  caloric 
given  out  in  this  experiment  was  equal  to  that  of  nine  wax 
candles  of  j  of  an  inch  in  thickness,  burning  with  a  clear 
flame.  The  machine,  during  the  boring,  did  not  appear 
to  be  in  the  least  exhausted  of  its  power  of  generating  it. 
The  quality  of  the  metals  and  of  the  water  was  not  alter- 
ed, and  the  air  had  no  share  whatever  in  the  action ;  he 
therefore  concluded  that  the  source  of  the  heat  was  mere* 
Ij  moiiony  by  which  a  vibration  of  the  particles  was  ex- 
cited, the  intensity  of  the  l^eat  depending  on  the  quick- 
ness and  violence  of  the  vili^ra^ons. 

Sir  H.  Davy,  who  had  espoused  this  side  of  the  ques- 
tion, also  performed  some  very  interesting  experiments 
regarding  it. — (Beddoes'  Med.  Contributions.)  By  rub- 
bing two  pieces  of  ice  together,  he  found  that  part  of 
them  was  converted  into  water*  Here  then  a  change  had 
taken  place,  and  one,  for  the  production  of  which  a  very 
large  quantity  of  caloric  must  have  been  evolved  4  for,  as 
will  be  afterwards  proved,  (see  Fluid&ty)^  during  lique- 
faction, heat  is  absorbed  by  the  fluid  that  is  formed. 

Though  these  may  appear  strong  arguments  in  favour 
of  the  immateriality  of  caloric,  yet  it  is  now  almost  uni- 
versally admitted,  that  it  is  a  ma^terial  ag^nt,  possessing 
properties,  and  governed  by  laws,  peculiar  to  itself ;  and 
when  we  consider  the  late  important  discoveries  with  re- 
spect to  its  existence  in  the  solar  ray^  and  the  possibility  of 
separating  it  from  the  light,  we  may  view  the  question, 
with  respect  to  its  nature,  as  decided.  Whether  heat 
and  Ught  are  distinct  kinds  of  matter,  or  are  merely  mo- 
difications of  each  other;,  has  not  yet  been  determined. 
There  are  strong  arguments  in  favour  of  both  opinions. 
These,  however,  will  be  afterwards  stated,  when  the  pro- 
perties of  both  have  been  detailed,  and  when  the  reader 
will  be  better  able  to  trace  the  connexion  between  them. 
Considering  heat  as  a  material  agent,  we  shall  find  that 
the  different  circumstances  concerning  its  distribution,  its 
communication,  and  the  sources  from  which  it  is  derived, 
are  better  explained,  and  more  easily  understood,  than  if 
we  were  to  view  it  a^  a  mere  property  of  matter. 

A  2 
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In  treating  of  Caloric,  it  is  intended  to  consider  it 
under  the  following  heads  : 

1^,  Its  effects. 

2dy  Its  communication. 

Sdf  The  quantity  of  it  in  bodies. 

4ithy  Its  sources^  under  which  are  included  the  sources 
of  cold. 

Thoug}i  the  subject  of  caloric  is  thus  to  be  divided 
into  these  different  heads,  it  is  not  intended  to  treat  of 
them  in  the  order  mentioned.  We  ought  to  consider, 
first  its  communication,  and  the  quantity  of  it  in  bodies ; 
but  before  treating  of  these,  it  is  necessary  to  explain  the 
construction  of  thermometers,  and  the  principles  on  which 
they  operate,  for  without  a  knowledge  of  them,  all  that 
is  said  of  the  laws  and  effects  of  caloric  would  be  unin- 
telligible. Before  considering  its  distribution,  therefore, 
we  have  to  treat  of  Expansion,  and  explain  the  use  of 
thermometers,  and  how  it  is  that  by  them  we  are  enabled 
to  judge  of  the  effects  of  heat. 

The  Effects  of  Caloric. 

The  general  effects  of  caloric  are  four, — Expansion^ 
Liquefaction^  Evaporation^  and  Incandescence. 

Expansion. 

By  the  expansimi  of  a  body  by  heat  is  meant ,  that  as  it  re- 
ceives itf  it  is  enlarged  in  all  its  dimensions  of 
lengthy  breadthy  and  thickness.     That  a  solid 
is  expanded  by  heat  is  shewn,  by  taking  a 
rod  of  iron.  A,  for  which  we  have  a  gauge, 
B,  accurately  fitted,  so  that  it  enters  between 
the  projecting  parts  C  and  D,  and  passes    ^ 
through  the  hole  E   at  the  end,  when  at  a 
natural  temperature.     By  putting  it  into  a 
fire,  and  bringing  it  to  a  red  heat,  it  will 
be  so  enlarged,  as  not  to   pass  through  the 
hole,  or  to"  go  between  the  projections. 

The  expansion  of  a  fluid  is  proved,  by  putting  water, 
or  spirit  of  wine,  into  a  flask,  A,  and  marking  its  height 
at  B.     If  the  vessel  be  put  into  a  jug  of  warm  water,  as 
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the  heat  flows  from  the  one  into  the  other,  the 
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spirit  is  enlarged,    as  will  be  shewn  by  its 
rising  in  the  neck  of  the  vessel  to  C 

That  air  is  expanded  by  heat  is  easily  prov- 
ed,  by  holding  a  bladder  half  full  of  it  near  a 
fire ;  the  air  in  it  is  enlarged,  so  as  to  make 
the  bladder  quite  tense. 

Though  bodies  are  thus  expanded  by  caloric^  Hie  expan^ 
Stan  is  not  permanent.  When  we  withdraw  the  additional 
quantity  of  heat  which  occasioned  it,  they  regain  their 
original  volume.  Thus,  if  the  bar  of  iron,  when  hot,  be 
thrown  into  a  basin  of  cold  water,  it  will  enter  the  gauge 
as  before.  The  fluid,  when  removed  from  the  jug,  will 
quickly  sink,  so  as  to  resume  its  former  height ;  and  the 
bladder,  when  taken  from  the  fire,  very  soon  becomes 
flaccid.  This  is  generally  called  Contraction.  Substan* 
ces  are  said,  therefore,  to  expand  by  heat,  and  to  contract 
by  cold  ;  by  which  last  term,  it  must  be  kept  in  mind, 
is  meant  merely  the  abstraction  of  caloric. 

Bodies  are  fiot  equdUy  enlarged  by  Jieat.  In  the  case  of 
the  iron,  though  that  added  far  exceeded  what  was  given 
to  the  others^  yet  it  is  necessary  to  have  an  instrument 
to  ascertain  that  it  is  enlarged.  The  expansion  of  the 
fluid  and  iur  is  easily  perceived.  We  in  general  find , 
that  objects  increase  in  size,  in  the  inverse  ratio  of  their 
dcDMty.  Thus  aeriform  substances,  which  are  least  dense* 
are  most  expanded ;  next  come  fluids,  which  are  next 
in  density  ;  and  lastly,  solids,  the  most  dense,  are  enlarge 
cd  the  least. 

The  enlargement  of  bodies  in  the  same  state^  does  not 
bear  a  strict  relation  to  any  of  their  other  properties.  In 
general,  the  densest  enlarge  the  least ;  but  this  is  not  al- 
ways the  case.  Thus  metals  are  much  denser  than  glass, 
but  they  are  more  expanded  by  the  same  addition  of 
caloric. 

There  appears  to  be  some  relation  between  the  expan- 
sion and  fusibility  of  solids,  as  it  has  been  found  in  a 
number  of  cases,  that  they  follow  nearly  the  same  order 
in  different  bodies.  Thus,  in  the  table  given  by  Ellicot, 
Tr.  xlvii.)  the  enlargement  foUows  very  nearly  the 
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order  of  fusibility,  but  even  to  this  thefe  are  also  extiep- 
tioDs. 

^h*e  expansion  varies  likewise  in  liquids,  and  as  it  is 
greater  than  in  solids,  the  difference  is  more  perceptible. 
Thus  water  is  more  enlarged  than  quicksilver,  and  spirit 
oi  wine  more  than  water. 

Though  solids  and  fluids  difl*er  in  their  expansibility, 
it  is  the  reverse  with  airs.  It  has  been  proved  satisfac- 
torily, that  all  bodies  in  this  state  are  equally  enlarged 
Iby  equal  additions  of  caloric. 

It  might  be  expected,  that  the  enlargement  would  pro- 
ceed regularly  with  the  increase  of  temperature,  but  this 
is  by  no  means  the  case ;  it  proceeds  in  a  greater  ratio, 
at  has  been  satisfactorily  proved  by  the  experiments  of 
Dulong  and  Petit,  (Ann.  of  Phil.  xiii.  164.)  They  have 
found  that,  in  solids,  as  metals,  the  expansion  is  not  in 
phyportion  to  the  addition  of  heat.  Thus  that  of  iron 
£K>ni  32  to  212  F.  was  l-282th,  while  from  32  to  i>72  it 
was  l-.227th;  that  of  copper,  during  the  first,  was  1-1 34th, 
jind  during  the  last,  l-ltTth.  The  same  they  have  found 
IB  tJie  case  with  fluids.  The  neater  these  ar6  to  their 
fteeziflg  point,  the  less  is  the  expansion,  as  is  fetnark- 
fLoly  the  case  with  water.  Of  course,  as  they  approach 
tne  boiling  point,  the  enlargement  becomes  greater : 
Kence  it  is  most  nearly  equal  at  the  middle  between 
difese.  Quicksilver,  therefore,  which  has  a  great  range 
<if  temperature  between  that  at  which  it  freezes,  and  that 
at  which  it  boils,  is,  at  the  heats  to  which  it  is  usually 
ititijected,  more  uniform  in  its  expansion  than  any  other 
fhdd  ;  findlience  it  is  preferred  for  thermometers. 
'  'Mr  Balton,  (Elements  of  CJi.  Philos.),  has  endeavour- 
ed to  show  the  ratio  by  which  fluids  enlarge  by  the  addi- 
tion of  caloric.  This,  he  says,  is  progressivie,  being  as 
ihe  squares  of  the  temperature,  commencing  at  the  point 
of  congelation,  or  greatest  density.  Thus,  if  a  fluid  ex- 
pand two  degrees  by  the  acquisition  of  a  certain  quanti- 
ty of  caloric,  with  double  the  addition  it  will  enlarge  4, 
and  with  treble  9  degrees. 

The  preceding  remarks  concerning  the  irregularity  of 
the  expansion  of  bodies,  apply  to  sdids  and  fluii^ii  otaly. 
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It  has  been  proved,  by  numerous  experiments,  that  in 
airs  it  keeps  pace  with  the  addition  of  heat.  It  has  also 
been  ascertained,  that  it  is  l-480th  part  for  each  degree 
of  the  thermometer,  commencing  at  8S  F.     See  Air. 

With  reaped  to  the  cause  qf  expansiouy  those  who  sup- 
pose that  caloric  is  not  material,  imagine  that  it  depends 
CD  the  force  of  the  vibrations  separating  the  particles^ 
and  thus  making  them  occupy  more  space  than  before; 
while  the  supporters  of  the  material  theory  assert,  that 
it  is  caused  by  the  particles  entering  between  those  of 
the  body,  and  thus  removing  them  to  a  greater  distance 
from  one  another.  Prevost,  however,  alleges,  that  the 
particles  do  not  actually  recede,  but  that  they  merely 
assume  a  new  arrangement,  so  as  to  cause  the  enlarge- 
ment. 

Caloric,  it  is  thus  evident,  tends  to  separate  the  par- 
ticles of  a  substance ;  cohesion,  on  the  contrary,  keeps 
them  together ;  so  that  these  are  opposite  powers,  and 
hence  may  be  explained  the  diversity  in  the  enlargement 
of  bodies,  in  their  different  states.  Thus  solids  are  en- 
larged less  than  fluids,  the  cohesion  between  their  parti- 
cles being  strongest ;  in  elastic  substances,  in  which  it  is 
entirely  overcome,  the  expansion  is  greatest  It  would 
from  this  appear,  that  the  enlargement  is  inversely  as  the 
cohesion,  so  that,  had  we  any  measure  of  the  one,  it  would 
perhaps  afford  also  an  indication  of  the  other.  This  opi^ 
nkm  seems  strengthened  by  the  fact,  that  as  the  tempera^ 
ture  of  a  body  is  elevated,  by  which  the  cohesion  is  dimi- 
nished, the  expansion  always  becomes  greater ;  and  again^ 
the  expansion  of  aeriform  fluids,  in  which  the  cohesion  is 
overcome,  is  not  only  the  same  in  all,  but  it  is  in  the  r^tio 
of  the  addition  of  heat. 

Js  bodies  are  expanded  by  heatj  and  as  th^  aU,  even 
ichtn  at  a  fUMHtral  temperaturey  contain  it^  ii  is  evident  that 
they  must  be  in  a  state  of  expansion.  That  this  is  really 
the  case  may  be  easily  shown,  by  putting  any  fluid,  as 
^irit  of  wine,  into  a  flask,  marking  its  height,  and  plac- 
ing it  into  4  cold  mixture,  or  one  which  will  withdraw  heat 
from  it,  as  salt  and  ice,  it  will  immediately  begin  to  contract, 
and,  of  course,  sii^  in  the  neck  of  the  resseL    The  si\pie 
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would  happen  were  we  to  cool  a  bar  of  iron,  or  a  bladder 
filled  with  air.  All  bodies^  therefore,  are,  even  at  a 
natural  temperature,  in  a  state  of  expansion. 

As  substances  are  enlarged  by  heaty  and  cofitracted  by 
the  loss  ofity  it  is  also  evident,  that  their  specific  gravity 
must  be  changed.  By  specific  gravity  is  meant,  the  com- 
parative weights  or  quantities  of  matter  in  equal  bulks  of 
bodies.  If,  then^  a  substance  be  heated,  by  which  it  is 
expanded,  it  must  contain  less  matter  in  the  same  space 
than  before,  it  must  therefore  weigh  less,  consequently 
its  specific  gravity  must  be  diminished.  Suppose  we 
have  a  small  bottle,  full  of  water,  and  having  weighed 
it,  we  find  that  it  contains  exactly  1000  grains ;  by  hold- 
ing it  in  the  hand  for  some  time,  so  as  to  throw  in  heat, 
the  fluid  must  be  enlarged,  part  will  therefore  escape,  so 
that  it  must  weigh  less  than  before,  by  that  which  is 
thrown  out.  The  bottle  still,  however,  continues  full, 
that  is,  we  have  the  same  bulk  of  fluid,  but  of  less  weight, 
the  specific  gravity  is  therefore  lessened. 

As  heat  diminishes  specific  gravity,  cold,  or  the  ab« 
fraction  of  it,  increases  it ;  because,  by  occasioning  a 
contraction,  it  brings  the  same  matter  into  less  space,-— 
in  other  words,  the  same  volume  must  contain  more  mat- 
ter, and  therefore  must  be  heavier.  Suppose,  as  before, 
that  we  have  the  small  bottle  full  of  water,  and  contain- 
ing 1000  grains  ;  if  we  apply  cold,  tlie  fluid  will  contract, 
the  bottle  is  therefore  no  longer  full ;  so  that,  if  we  wish 
to  have  the  same  bulk,  we  must  add  more  water,  conse* 
quently  it  will  weigh  more.  If,  bulk  for  bulk,  it  is  hea* 
vier,  its  specific  gravity  must  be  increased. 

That  a  change  of  temperature  alters  specific  gravity, 
may  be  shewn  in  another  way.     Put  into  a  jar  of  water 
a  glass  ball,  or  any  other  object,  so  as  just  to 
float  at  A,  and  plunge  this  into  a  jug  with  a      [        I 
warm  fluid,  C  ;  as  the  caloric  enters  from  the 
one  into  the  other^  the  ball  will  gradually  fall 
to  the  bottom,  B,  shewing  that  the  density  of 
the  water  has  been  diminished.     On  the  cour 
trary,  if  a  ball  be  put  into  water,  so  as  just  to 
sink  to  the  bottom,  B,  and  the  vessel  be  sur- 
rounded by  a  cold  mixture,  C,  as  the  fluid 
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loses  its  heat,  the  ball  will  rise  to  A,   shewinfg  that  the 
density,  or  specific  gravity,  has  become  greater. 

The  change  in  specific  gravity  by  an  alteration  of  tem- 
perature, is  also  beautifully  illustrated  by  the  movements 
oocaaioned  in  the  particles  of  fluids  and  airs,  by  the  addi- 
tion and  abstraction  of  caloric.  If  heat  be  applied  to  the 
bottom  of  a  jar  of  water,  the  particles  below,  as  they  re- 
ceive it,  are  enlarged,  and  ascend,  owing  to  their  dimi- 
mshed  specific  gravity  ;  the  colder  ones  fall,  also  gain  ca- 
loric, are  expanded  and  rise,  so  that  there  is  a  constant 
ascent  of  warm,  and  descent  of  cold  particles.  These 
movements  are  much  more  apparent  if  some  flocculent 
substance  be  suspended  in  the  fluid,  and  for  this  purpose 
we  have  merely  to  throw  in  a  little  of  the  solution  of 
any  earthy  salt,  as  alum,  and  afterwards  that  of  potashes, 
by  which  the  earthy  matter  is  separated  in.  fine  powder. 

If,  on  the  contrary,  we  apply  cold  to  the  surface  oi 
the  fluid,  the  particles  above,  as  they  give  out  their  heat, 
contract  and  sink,  because  their  specific  grayity  bias  b^- 
conie  greater ;  the  warmer  particles  rise  to  supply  their 
place,  they  also  lose  caloric,  contract  and  fall,  so  that 
there  is  thus  a  constant  current  of  cold  particles  down- 
wards. 

The  change  in  the  specific  gravity  of  aeriform' fi'uids, 
nmj  be  illustrated  in  the  same  way.  If  a  red' hot  pqker 
be  held  in  the  air,  and  a  person  place  hU  hands,  '.the 
ame  above^  the  other  below  it,  and  at  equal  distances, 
tlMii  whid)  is  above  is  more  warmed  than  the  other,  be-^ 
cause  the  particles  of  air  in  contact  with  the  poker,  as 
they  receive  heat,  are  expanded,  and  rise,  while  others 
rush  in  to  Mpl^y  their  place,  and  acquiring  caloric,  also 
'and  ascend,  so  that  the  heated  air  is  constantly 

J,  to  the  hand  above.     On  the  contrary,  if  a  jjiiede 

of  ice  bejield  in  th^  situation  of  the  poker,  the  na^d  be- 
nemtb  is  n^ost  cooled,  because  the  particles  of  air  giving 
&Tth  their  caloric  to  the  ice,  are  dindnished,  b^ome 
therefore  of  greater  sp^dfic  gravity,  and  fall. 

Since  specific  gravity  is-  llitis  so  easSIy  chlitige^t '  it  is 
necessary j|  whe»  attempthkg  'to  find  ihiki  df '  aAy  body, 
thai  we  be  pottcidar  in  attending  to  tem^pentture. . 
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diis  reason  Chemists  have  usually  fixed  on  60  F.  as  a 
standard  ;  but,  in  general,  in  stating  the  specific  gravity, 
the  temperature  at  which  it  was  taken  is  also  mentioned. 

Thejbrce  with  which  expansion  occurs^  is  very  great 
If  a  bar  of  iron,  fi^ed  at  both  ends,  be  heated  to  redness, 
it  expands  with  such  force,  that  it  either  bends,  or  bursts 
asunder,  the  parts  to  which  it  is  attached. 

The  general  law  of  ea^nsion  is  applied  to  mamy  use* 
J\d  purposes  ;  hut  it  is  also  a  source  of  great  inconvenience. 
The  cracking  of  glass  vessels,  and  other  bodies  of  a  si- 
milar nature,  is  occasioned  by  it.  When  warm  water  is 
poured  into  a  cold  tumbler,  the  particles  within,  as  they 
receive  heat,  expand,  but  owing  to  the  slow  transmissdon 
6f  it  through  the  glass,  those  on  the  outside  continue  for 
some  time  as  they  were,  they  do  not  therefore  yield  to 
the  inner  ones,  and  a  crack  is  the  consequence.  On  the 
Contrary,  when  cold  water  is  put  into  a  warm  glass,  the 
inner  particles,  as  they  lose  their  heat,  contract,  while 
the  outer  ones  remain  expanded,  they  do  not  follow  the 
others,  and  hence  also  the  vessel  is  cracked.  This  points 
out  the  necessity  of  warming  or  cooling  glass  gradually, 
to  allow  time  for  the  uniform  expansion  or  contraction. 
The  cracking  is  also  prevented  by  having  the  vessels  very 
thin,  by  which,  should  they  be  suddenly  heated  or  cool- 
ed,  the  whole  is  almost  instantaneously  expanded  or  con- 
tracted. 

There  is,  perhaps,  no  artist  put  to  so  much  inconve- 
nienice  from  expansion  as  a  clock-maker.  Clocks,  which 
are  made  of  metal,  are  much  affected  by  a  change  in  the 
Tolume  occasioned  by  an  alteration  of  temperature,  which 
causes  the  movements  to  vary  at  difPerent  times ;  but  the 
pendulums  are  more  particularly  affected.  The  quickness 
of  the  vibrations  of  a  pendulum  depends  on  its  length,-— 
the  longer  it  is,  the  fewer  the  vibrations  in  a  given  time. 
If  therefore  it  be  lengthened  by  heat,  they  become  fewer, 
and  consequently  the  movements  of  the  clock  are  slower. 
Luckily,  however,  a  remedy  for  this  defect  has  been  dis- 
covered, and  in  the  very  source  of  the  inconvenience  it- 
edf.  AIL  the  different  kinds  of  Compensation  Pendulums 
are  on  the  lunoae  priHciple,  but  the  simplest,  and  the  one 
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most  ea«ly  aio3'"***ooi!»  »  that  called  the  Gridmrn  Pm- 
dulum  HO  tended  from  its  Uppesniiioe.  It  iscotaapoeed 
of  two  inetal»i  ^^^Q  ^nd  brass^  ^e  Utter  of  which  expAoda 
twice  as  much  tf  the  former,  b;  the  smme  addition  of  htaC 
When  properly  Gomtructed,  it  consists  of  two  iron  rod^ 
A  B,  and  four  brass  rods,  C  D,  fixed  in  the  y^ 
cross  bars,  E  F,  G  H.  The  upper  end  of  ^ 
A  is  the  point  of  nispension,  and,  ^ter  ptis»- 
ing  through  a  hole  in  £  F,  its  lower  one  is 
fixed  to  the  bar  G  H.  The  lower  exttemity 
of  B  has  the  ball  attached  to  it,  v^ile,  after 
passing  through  a  hole  in  G  H,  its  upper 
one  is  fixed  to  E  F.  The  brass  rods  ate  all  C 
rivetted  to  the  cross  bars.  Suppose  heat  is 
applied  to  tliis  penduhM),  by  which  each 
iron  rod  expands  half  an  inch,  t^e  ball 
would  thus  be  thrown  an  inch  down  ;  but  '''- 
as  the  brasfl  expands  twice  as  much  as  the 
iron,  each  rod  would  be  lengthened  an  inch, 
and  throw  it  an  incfa  up,  the  four  rods  act-  /^\ 

lag  merely  as  one.     Sitacfe,  then,  the  leng;th-  ^^ 

ening  of  the  brass  raises  it  just  as  much  as  that  of  the 
iron  tends  to  depress  it,  the  pendulum  is  kept  always  of 
the  same  length,  and  the  movements  of  the  dock  ate  nbt 
liable  to  be  affected  by  a  chaise  of  temperature. 

Though  expansion  is  a  source  of  great  inconvMiiencc, 
fet  it  is  put  to  many  useful  purposes.  A  wheel-wright 
daily  resorts  to  it,  f6r  fixing  the  hoop  on  the  wooden  part 
of  the  whed.  For  this  purpose,  having  made  it  a  very 
little  less  in  dhtmeter  than  the  other,  he  expands  it  ^ 
bringing  it  to  a  red  heat,  and,  wtien  in  this^tate,  be  puft 
it  on  the  wheel,  find  Instantly  dashes  cold  water  An  it, 
by  which  it  MMracts,  and  embraces  the  whtel  tightly.  It 
frequently  happmt,  that  the  stopper  of  a  bottle  becomes 
fixed  ;  it  may  however,  hi  general,  be  taken  out,  by  hav- 
ing recourse  to  expansion.  The  corner  of  a  towel  Js 
dipped  in  warm  water,  and  applied  around  the  neck,  eo 
as  to  thmw  etdoric  into  It,  and  cause  it  to  expand,  by 
which  its  divmeUr  ie  enlarged,  before  Ihe  stopper  receives 


u 


CALORIC, 


90 


«0 


50 


CO 


70 


any  heat,  so  that,  by  giving  it  a  slight  blow  with  a  piece 
of  wood,  it  is  easily  removed. 

By  far  the  most  useful  application  of  expansion  is, 
making  it  a  measurer  of  temperature.  As  the  increase 
of  volume  is  not  great,  different  methods  have  been  re- 
sorted to  for  indicating  any  slight  change.  The  instru- 
ment, now  brought  to  a  great  state  of  perfection,  is  call- 
ed a  Thermometer,  from  h^foif  heat,  and  ftir^oyi  measure. 

The  first  thermometer  was  that  contrived  by  Sanctorio, 
an  Italian  physician,  of  the  17th  cen- 
tury. It  consists  of  a  tube.  A,  with  a  ball 
blown  at  one  end,  which,  with  part  of  the 
tube,  is  filled  with  air ;  the  remainder 
contains  a  red  fluid,  the  open  end  being 
placed  in  a  cup  of  it,  B.  Suppose  that 
the  fluid  stands  at  4«0,  and  heat  be  ap- 
plied to  the  ball,  the  air  within,  as  it  re- 
ceives caloric,  will  be  expanded,  and 
force  it  down.  If,  on  the  contrary,  cold 
be  applied,  the  air  within,  as  it  loses  its 
heat,  will  be  contracted,  the  fluid  must 
therefore  rise.  As  each  addition,  or  ab- 
straction, will  always  cause  the  same  ex- 
pansion or  contraction,  we  have  thus  an 
indication  of  the  change  in  temperature. 
This  instrument,  though  extremely  deli- 
cate, answers  for  certain  kinds  of  experiments  only ;  it 
has  therefore  undergone  various  alterations,  perhaps  the 
best  of  which  is  to  make  it  of  this  form.  It  is  merely  the 
tube  bent  near  the  ball,  by  which  we  can 
keep  this  below,  and  thus  plunge  it  into  a  sub* 
stance,  with  a  view  of  finding  its  temperature. 
In  this  modification,  a  part  only  of  the  ball 
is  filled  with  air,  the  r8mainder,  with  part  of 
the  tube,  contains  the  fluid.  On  applying 
heat  to  the  ball,  the  air  will  expand,  and 
cause  the  liquid  to  rise. 

The  different  modifications  of  the  Sanctorio,  or  air 
thermometer,  though  extremely  delicate,  are  liable  to 
one  very  great  objection.     It  will  be  afterwards  proved. 
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*that  the  atmosphere,  though  a  light  substance,  yet,  from 
its  great  bulk,  presses  on  this  earth,  and  other  objects, 
with  a  weight  of  15  lb.  on  the  square  inch.  As  this  va- 
Ties  at  diiFerent  times,  it  must  exert  unequal  pressure  on 
the  liquid  in  the  cup  of  the  one,  or  in  the  tube  of  the 
other,  and  thus  cause  it  to  stand  at  different  heights, 
though  there  has  been  no  change  in  the  temperature  of 
the  air  within  the  ball,  the  alteration  in  volume  being  o(^- 
casioned,  not  by  an  alteration  of  tempenUure^  but  oipru^ 
^urt.  Professor  Leslie  has,  however,  obviated  this  ob- 
jection, in  his  Differential  Thermometer.  It  consists  of 
a  tube,  forming  three  sides  of  a  square, 
with  a  ball  as  nearly  as  possible  of  equal 
dimensions  at  each  end.  After  the  in- 
troduction of  the  red  fluid,  the  tube  is 
sealed  by  a  blow-pipe,  so  that  it  is  thus 
cut  off  from  being  affected  by  any  change 
in  the  pressure  of  the  atmosphere.  On 
applying  heat  to  a  ball,  the  air  in  it  en- 
larges, and  forces  the  fluid  down,  mak- 
ing it  of  course  rise  in  the  opposite  stem.  Again,  on  ap« 
plying  cold,  the  air  contracts,  and  the  liquid  regains  its 
former  height.  This  instrument  has  been  called  a  dif- 
ferential, because  it  points  out  the  difference  between 
the  temperature  of  the  two  balls ;  and  that  it  does  so  is 
evident,  for  if  it  be  brought  from  a  cold  to  a  warm  room, 
provided  the  balls  are  alike  in  all  respects,  the  heat  will 
act  equally  on  both,  so  that  the  air  in  both  will  continue 
as  it  was,  and  there  will  therefore  be  no  change  in  the 
height  of  the  fluid. 

Though  the  thermometers  now  described  are  extreme- 
ly delicate,  they  answer  for  certain  experiments  only.  A 
very  great  improvement  was  introduced,  by  substituting 
for  air,  a  fluid,  the  expansion  of  which  should  indicate 
the  temperature.  Those  in  general  use  are  spirit  of  wine 
and  mercury,  the  former  for  ascertaining  low  degrees  of 
heat,  as  it  cannot  be  made  solid  by  any  cold  we  can  ap« 
ply  to  it ;  the  latter  for  high  temperatures,  as  it  requires 
ooDsiderable  heat  to  make  it  boil.  The  thermometer  now 
xmtdf  oofimts  of  a  slender  glass  tube,  with  a  bulb 
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QM  end^  wbicb,  with  part  qf  the  tube,  are  filled  with  the 
JitiiiL  Before  using  a  tube  for  making  a  thermometer  of 
il>  it  is  necessary  to.  aacertaiu  if  it  is  of  equal  dimenaious 
throughout.  This  is  done  by  immersing  one  end  into 
mercury,  placing  the  finger  on  the  opposite  end,  and  after 
lemoving  it,  holding  it  horizontally,  and  measuring  the 
length  of  the  fluid.  By  taking  off  the  finger,  and  inclin- 
ing the  tube,  it  will  flow  on  to  another  part,  where  it 
must  be  again  measured,  and,  by  repeating  this  several 
times,  it  will  be  ascertained  if  itisof  equal  calibre  through- 
out ;  for,  if  so,  the  fluid  will  be  at  each  part  of  the  same 
length.  If  not  uniform  in  its  diameter,  it  must  be  re- 
jected, because,  if  made  into  a  thermometer,  the  tempera- 
ture indicated  by  the  expansion  will  not  be  correct.  The 
introduction  of  the  fluid,  tliough  at  first  sight  it  may  ap- 
pear difficult,  is  easily  accomplished.  By  the  application 
of  heat  to  the  ball,  part  of  the  air  is  expelled,  so  that, 
if  the  open  end  be  then  plunged  into  it,  it  will  enter  to 
supply  i^s  place,  being  forced  in  by  the  pressure  of  the 
air.  By  again  applying  heat,  the  fluid  is  made  to  boil, 
bj  which  the  whole  of  the  air  is  driven  out,  and  the  hall 
and  tube  are  filled  with  vapour,  which,  as  its  temperature 
falls,  is  condensed.  A  vacuum  is  thus  procured,  so  that, 
xf'the  mouth  of  the  tube  be  inst|mtly  plunged  into  the 
fihid,  it  18  forced  in  and  fills  it.  After  this,  the  open  end 
is  shut  by  a  blow-pipe,  expelling  as  much  as  possible,  the 
atmospheric  air  still  remaining  in  it,  that  it  may  not,  as  the 
Bquid  rises,  impede  its  ascent.  This  is  done  by  expand- 
ing the  fluid  till  it  reach  near  the  end,  and  sealing  the 
tube  when  in  this  state. 

The  principle  on  which  the  thermometer  operates  is 
fay  the  general  law  already  noticed,  that  an  equality  of 
^^peiviture  is  soon  established  between  different  bodies. 
When,  then,  a  thermometer  is  brought  into  contact  with 
a  substance  warmer  than  itself,  the  fluid  in  it  receives  ca- 
loric, by  which  it  is  expanded,  and  rises  in  the  stem. 
When,  on  the  contrary,  it  is  plunged  into  a  cold  mixture, 
thaheat  passes  from  it  ipto  the  other^  the  fluid  contracts, 
and  falls.  The  height  at  which  it  stands  indicates  its 
tinparature,  and  consequeotly  that  of  the  other  hody 
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with  which  it  is  surrounded,  a  scale  being  adapted  to  the 
tube.  In  applying  a  scale,  it  is  necessary  that  it  be  so 
constructed,  that  the  experiments  made  with  one  instru- 
ment should  agree  with  those  made  with  another.  It  has 
been  ascertained  that  water  freezes  always  at  the  samie 
temperature,  and  that  that  at  which  it  boils  is  uniformly 
the  same,  provided  the  pressure  of  the  air  does  not  vary. 
— f  iS€r  Evaporailon.)  The  parts  at  which  the  fluid  will 
stand  in  a  thermometer  placed  in  water  undergoing  these 
changes,  will  therefore  be  always  tbe  same.  These, 
then,  are  taken  as  fixed  points  in  adapting  a  scale,  and  are 
termed  the  freezing  and  boiling  points,  the  space  between 
them  being  divided  into  equal  parts,  called  dggrees. 

The  thennometer  used  in  this  country  is  that  reoQi»- 
mended  by  Fahrenheit,  a  Dutchman,  who  divided  the 
space  between  the  freezing  and  boiling  of  water  into  180 
degrees,  and  conceiving  that  the  greatest  cold  that  could 
be  produced  was  that  of  a  mixture  of  salt  and  ice,  he 
placed  the  commencement  of  the  scale  there ;  the  freez- 
ing of  water  took  place  at.  8S  above  this,  the  boiling 
point,  being  180  mori^  was  of  course  &12.  Fahrenhcdt 
soon,  however,  fpimd,  that  greater  degrees  of  cold  could 
be  produced  thw.  that  of  a  mixture  of  salt  and  ice ;  h^ 
waa  therefore  under  the  necessity  of  extending  hia  scale 
downwwds*  Wh^,  then,  we  speak  of  a  temperature 
below  the  beginning  of  the  ^(ile,  we.  say  that  it  ia  ^ 
many  degrees  beUm  0,  or  the  zexo^  a9  U  ia  called.  A- 
shorter,  and  more  convenient  vcay  of  expressing  it,  ip 
to  add  the  word  mimi9$  or  its  algebraic  sign  *^.  Tbui» 
minus  40,  or  --*-  40;^  signifies  4^  below  9ero. 

Other  scales  than  that  of  Fahrenheit  have,  been  re» 
eovuDended,  and  though  not  in  use  in  this  country,  art 
much  employed  on  the  Continent*  Reaumur  has  divided 
hia  into  80  parts  between  the  f reezipg  and  boiling  pointy 
One  degree  of  this  scale  is  therefore  equal  to  ^  of  F.  i  ^ 
4  to  9.  To  reduce  those  of  the  one  to  the  corresponding 
degrees  of  the  other,  the  degrees  of  Reaumur  must  be  muL 
by  9,  the  product  divided  by  4,  and  3«  added, 
the  commencement  of  the  French  scale  ia  ft? 
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above  that  of  F.     Thus,  60  R.  x  9  =  ^  =  135  +  32 

4 

=  167;  so  that  60  R.  =  167  F. 

To  reduce  the  degrees  of  F.  to  those  of  R.  substract 

38,  then  multiply  by  4,  and  divide  by  9.     Thus,  194  — 

82  =  16«  X  4  =  -g«  =  72 ;  so  that  194  F.  =  72  R. 

Celsius  of  Sweden  has  adopted  a  much  more  natural 
division  of  his  scale.  He  commences  it  at  the  freezing  of 
water,  and  divides  his  interval  between  this  and  the  boil- 
ing point  into  100.  Hence  it  is  called  the  centigrade 
thermometer ;  5  of  C.  are  equal  to  9  of  F.  of  course  the 
same  rule  must  be  followed  in  making  the  degrees  of  the 
-one  correspond  with  those  of  the  other.     Thus,  60  C 

X  9=  ^  =  108  +  32=140;sothat60C.  =  140F. 
5 

Again,  186  F.  —  S2  =  168  X  5  =  '?^^  =  86;  so  that 

186  F.  =  86  C. 

The  supposed  accuracy  qfike  thermometer  has  been  caitU 
€d  in  question.  It  has  been  already  said,  that  equal  ad- 
ditions of  caloric  cause  at  different  temperatures  differ- 
ent expansions  in  fluids,  and  hence  it  is  imagined  by  some, 
that  the  enlargement  does  not  indicate  the  real  tempera- 
ture. The  glass  also  of  the  instrument  must  expand  a 
little,  which  is  likewise  supposed  to  cause  a  different  ex- 
pansion  to  appear  from  what  really  takes  place.  Mr  Dal- 
ton,  (Chem.  Phil.)  supposing  that  it  follows  the  law  laid 
down  by  him,  viz.  that  it  is  as  the  squares  of  the  addition 
of  caloric,  says  that  the  degrees  on  the  lower  part  of  the 
scale  are  too  large,  while  those  at  the  upper  part  are  too 
smalL  According  to  him,  suppose  82  of  F.  to  agree 
with  82  of  his  scale,  127  of  the  former  is  equal  to  142, 
161  to  162,  and  199  to  202  of  the  latter.  As  we  de. 
■cend,  the  difference  is  still  greater.  Mercury  freezes 
at  —  40  F.  while,  according  to  Dalton,  it  ought  to  be 
—  176. 

According  also  to  De  Luc,  (Recherches,  vol.  i.)  the 
expansions  in  the  thermometric  fluid  are  not  uniform* 
Thus,  in  one  experiment  in  which  equal  quantities  of  ice 
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told  and  boiling  water  were  mixed,  a  mercurial  thermo- 
meter did  not  indicate  the  mean  122,  but  119,  from  which 
it  would  appear  that  the  mercury  did  not  expand  ac- 
cording to  the  addition  bt  heat.  This  has  induced  him 
also  to  give  a  scale,  in  which  the  apparent  expansions,  as 
indicated  by  a  thermometer,  are  compared  with  what  he 
supposed  to  be  the  real  ones.  According  to  him,  taking 
82  as  fixed  points  in  each,  77  F.  =  79.5  of  De  Luc,  128 
^  125.15,  and  167  ^  169.16. 

Though  De  Luc  and  Dalton  have  supposed  that  the 
expansions  indicated  by  a  thermometer  are  so  very  dif- 
ferent from  what  they  ought  to  be,  Dr  Ure,  and  Ihilong 
and  Petit,  have  on  the  other  hand  asserted,  that  they  are 
by  DO  means  so  great  as  has  been  supposed.  The  for- 
mer has  shown,  (Ph.  Tr.  1818),  that  though  there  is  a 
slight  difference,  yet  it  is  in  a  great  measure  compensated 
by  the  quantity  of  mercury  in  the  ball  always  diminish* 
ing  as  we  continue  the  addition  of  heat ;  and  the  latter 
have  found  in  their  experiments,  (An.  of  Phil,  xiii.)  that 
from  —40  to  212,  it  is  scarcely  appreciable.  We  may 
th^efore  consider  the  thermometer  as  an  exact  indica* 
tor  of  temperature,  or  at  all  events,  as  accurate  as  we  call 
ptmrnbiy  expect  it. 

Different  methods  have  been  recommended  tcft  ascer- 
taining  the  highest  or  lowest  temperature  that  may  occur 
at  any  particular  period,  as  during  night,  when  there  is 
no  one  present  to  observe  it.  The  instruments  used  for 
thiB  purpose  are  called  Register  thermometers.  The  sim- 
plest contrivance  of  this  kind  is  that  of  Dr  Rutherford 
of  Kinross.  It  consists  of  two  thermometers,  a  spirit  of 
wine  and  a  mercurial  one;  the  former  for  ascertain- 
ing the  lowest,  and  the  latter  the  highest  heat.  Into  the 
tube  of  the  former  is  placed  a  small  piece  of  white  enamel, 
which,  as  the  fluid  contracts,  is  brought  along  with  it, 
but,  on  its  again  expanding,  is  not  taken  with  it,  it  is  left 
at  the  place  to  which  it  was  carried,  and  thus  the  lowest 
temperature  that  had  happened  is  pointed  out.  Into  the 
tube  of  the  latter  is  placed  a  small  piece  of  a  needle,  so 
as  just  to  rest  on  the  uerenryi    As  Uie  fluid  expands,  it 
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pushes  the  needle  before  it,  and  on  again  contracting,  it 
leaves  it  at  that  part  to  which  it  had  carried  it,  so  that 
in  this  way 
the  highest 
temperature 
is  ascertain- 
ed. These 
thermometers 

are  fixed  on  a  board,  with  the  balls  at  opposite  sides, 
the  mercurial  one  horizontally,  the  spirit  of  wine  one 
with  the  ball  inclined  downwards,  so  that,  when  we  wish 
to  set  them,  by  raising  the  side  next  the  spirit  ball,  the 
enamel  and  needle  will  come  to  the  surface  of  the  fluids. 

By  ike  thermometer  alone  we  are  enabled  to  ascertain 
temperaiurej  our  sensations  giving  us  no  indication  what- 
ever ;  for  a  substance  that  feels  warm  to  one,  may  feel 
cold  to  another,  and  different  bodies,  though  of  the  same 
heat,  may  communicate  very  different  sensations  to  the 
same  person.  Thus,  iron  will  feel  much  colder  than 
wood.  That  our  sensations  do  not  inform  us  of  tempe- 
rature, is  proved  by  a  simple  experiment.  Take  three 
basins,  put  into  one  warm  water,  into  another  cold  water, 
and  a  mixture  of  both  into  the  third.  Place  one  hand  in 
the  cold,  and  another  in  the  warm  fluid,  and  then  put 
them  both  into  the  mixture.  It  will  feel  warm  to  the 
one  and  cold  to  the  other,  because  its  temperature  is 
above  that  of  the  one,  and  below  that  of  the  other. 

It  mtut  not  be  supposed  that  a  thermometer  is  an  exact 
measure  of  the  number  of  degrees  of  heat  in  a  body^  it 
points  out  only  the  relative  number.  Thus,  a  substance 
at  50  is  not  supposed  to  have  only  50  degrees  of  heat.  It 
means,  that  it  has  50  more  than  one  at  zero.  Again,  a 
body  at  100  is  not  supposed  to  be  twice  as  warm,  or  to 
contain  twice  as  much  heat,  as  another  at  50,  it  has  only 
twice  as  many  degrees,  reckoning  from  the  commence- 
ment of  the  scale.  If  we  knew  the  point  at  which  there 
is  absolute  cold,  in  other  words,  where  there  is  not  any 
heat,  and  could  begin  the  scale  there,  then  the  thermome- 
ter would  indicate  accurately  the  caloric— but  of  this  we 
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know  DothiDg.  W«  must  consider  this  inBtrunient,  then, 
as  pointing  out  oulj  the  difference  betveen  die  teape- 
nture  of  bodies. 

7^  thermometer  already  deacribed  is  vf  very  Imited 
appUcation.  Bj  sjdrit  of  wine,  tbe  greatest  cold  may  be 
measured,  but  owing  to  tfae  low  temperature  at  which  it, 
and  even  mercury,  pass  into  vapour,  high  degrees  of  heat 
cannot  be  ascertained ;  so  that  other  methods  hare  been 
resorted  to  for  this  purpose. 

Many  are  in  the  custmn  of  judging  of  intense  beat  hj 
the  appearance  of  the  object.  Thus,  we  have  a  dull  red, 
a  bright  red,  «  wbite,  and  a  full  white  heat.  Sir  Isaac 
Newton  used  to  determine  the  heat  by  tfae  rate  of  cool* 
ing,  assuming  that  bodies  lose  caloric  in  pn^rtion  to 
the  excess  of  their  temperature  above  that  of  the  sur- 
rounding medium.  These  mediadB,  however,  give  very 
imperfect  indications  of  tempa-ature.  Instniments  have 
therefore  been  invented  for  measuring  it,  and  which  arc 
called  pffTometers,  (rvt.fire^  and  ^ht^m,)  as  being  measurers 
of  the  temperature  of  objects  brought  to  ft  heat  equ^,  or 
superior,  to  that  of  a  fire.  That  long  iu  use  for  this 
purpose  was  invented  by  Wedgewood.  Pure  clay,  and 
the  earthy  bodies  in  which  it  predominates,  have  the  rei> 
markable  property  of  contracting,  instead  of  expanding, 
by  heat,  and  as  the  contraction  is  permanent,  Mr  Wedge. 
word  conceived,  that  by  measuring  it,  it  would  prove  an 
indication  of  the  heat  to  which  the  clay 
bad  been  subjected.  His  pyrometer  cod> 
sists  of  two  brass  bars  A  B,  fixed  on  a  [^te 
(rf'  metal,  the  space  between  them  being 
smaller  at  one  end  than  the  other.  They 
are  divided  into  S40  d^rees,  corresponding 
to  31,800  of  Fahrenheit's  scale,  so  that  each 
degree  of  the  formef  is  equal  to  130  of 
the  latter,  and  the  hegiomng  corre^nds 
with  1077.  In  finding  the  degrees  of  the 
thenaoawter  equivalent  to  thoee  of  the  py- 
RMaeter,  we  must  multiply  by  130,  and  then  add  lffT7. 
Thtia  60  of  We^ewoed  is  equal  to  8877  of  Falmnheiu 
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(60  X  ISO  =  7800  +  1077  =  8877) 
In  reducing  those  of  Fahrenheit   to  those  of  Wedg»<- 
wood,  we  have  first  to  subtract  10T7,  and  divide  by  180< 
Thus,  9668  Fahrenheit  =  66  Wedgewood. 

(966S  — 1077  =  ^^  =  66) 
The  substance  used  as  an  indication  of  the  heat  is  a 
}»ece  of  clay,  made  just  to  enter  at  the  wide  end,  between 
the  bars  C.  To  ascertain  the  temperature  of  any  object, 
suppose  a  fire,  it  is  put  into  a  crucible,  and  exposed  to 
it  for  some  time,  and  when  cold,  it  is  pushed  on  as  far 
as  it  will  go  between  the  bars.  Suppose  it  stops  at  60, 
it  shews  that  it  has  been  subjected  to  a  heat  of  8877  of 
Fahrenheit. 

It  was  at  first  imagined  that  thi» 
would  be  of  great  utility  in  ascer- 
taining high  temperatures;  from 
the  difiiculty,  however,  of  procur- 
ing clay  of  uniform  contractile 
power,  it  is  not  much  used ;  be- 
sides, it  is  liable  to  one  great  ob- 
jection. If  the  clay  be  exposed  to 
a  moderate  beat  for  a  long  time,  it 
will  ccmtract  neaifly  as  much  as  when 
heated  intensely;  it  is  necessary, 
therefore,  to  bring  it  as  quickly 
as  possible  to  the  same  tempera- 
ture as  the  fire. 

Another  instrument  now  much 
employed  for  measuring  high  tem- 
peratures, is  that  rcommended  by 
Daniells.  It  c<msists  of  a  tube  of 
black  lead.  A,  shut  at  B,  but  open 
at  C,  where  it  is  fixed  to  a  brass 
tube ;  there  is  a  bar  of  platinum  in 
it  rivetted  at  B,  and  at  C  having  a 
small  platinum  wire  passing  from  it, 
to  the  axis  of  the  wheel  D  £  F,  and  attached  to  a  sh'ght 
spring  G  H.  The  wheel,  D  £  F,  is  connected  with  another. 
Which  has  fixed  to  it  an  index,  so  that^  when  the  tube  it 
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Aeaaed,  tbeplatinum  expaiids,aiidiDoreBit.  Onthewbeel 
ia  a.  scale  containing  360  di-risions,  each  of  which  is 
equal  to  7  of  F.  so  that  the  decree  indicated  by  the  Pj- 
rometer,  must  be  multiplied  by  7,  and  it  gives  the  cot- 
responding  one  of  F.  Thus,  tin  melts  at  93  of  B,  vhich 
multiplied  by  7  =  644  of  F. 

There  is  still  another  method  practised,  for  ascertain- 
ing high  degrees  of  heat;  it  is  that  panted  outby  Lavoisier 
and  Laplace.  Ice,  in  becoming  water,  absorbs  a  certain 
quantity  of  caloric.  Now,  by  placing  a  heated  body  near 
it,  and  ascertaining  how  much  of  it  is  bqnefied,  the  calorie 
giren  out  may*  it  is  supposed,  be  ascertained.  Lavoiuei 
Kid  Laplace  calculated  that  one  pound  during  liquefoc* 
tioD,  absorbs  as  much  heat  as  would  raise  the  tempera^ 
tore  of  the  same  quantity  of  water  1^5.  The  instru- 
ment employed  by  them  for  measuring  the  ice  lique- 
fied,, is  called  ■  Calorimeter.  It  consists  of  ^iree  ves. 
sd^  one  within  the  other,  with  interstices  between  them. 
The  staler  one  A  is  a  cage  for  holding  < — 
the  body,  the  temperature  of  Wiich  is  to 
be  aacertained.  The  middle  one  B  is  for 
rmfarniiig  |lie  ice  to  bt.(adted,  from  the 
bottom  <^  ithkh  there  proceeds  a  tube  and 
■tc^-cock  E-  The  outer  one  C  is  likewise 
stuffed  with  ice,  to  prevent  caloric  being 
communicated  from  without  to  that  in  the 
centre ;  D  is  a  lid  which  is  also  filled  with 
it,  to  act  in  tiie  same  way.  When  the  ex- 
periment is  to  be  made,  the  middle  and  outer  vessels 
being  filled,  the  water  in  the  intersdceB  is  drawn  off 
from  the  fonner  through  the  cock  £.  The  warm  object 
is  then  put  into  the  cage,  and  the  lid,  also  filled  with 
ice,  is  put  on.  During  the  cooling  down  to  S3,  it  must 
pre  fcHtb  caloric,  which  liquefies  part  of  the  ice.  When 
this  is  done,  the  water  is  drawn  off  and  weighed,  and 
according  to  the  quantity  procured,  the  caloric  absorb- 
ed u  aacertained,  and  the  temperature  of  the  object 
when  put  into  the  cage  inferred.  This  instrument  ap- 
poan  St  first  a%bt  well  fitted  for  the  purpose  for  which  It 
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is  intended :  it  is  liable,  however,  to  objections.  It  is 
difficult,  nay,  almost  impossible  to  procure  all  the  water 
that  is  formed,  so  much  c^  it  remaining  in  the  pores  of  the 
ice ;  besides,  it  has  been  shewn  bj  Mr  Wedgewood,  that 
the  processes  of  thawing  and  freezing  are  actually  going 
on  at  the  same  time  in  different  parts  of  the  middle  res^ 
•el,  some  of  the  water  formed  in  the  upper  part  freezing 
In  its  passage  through  the  ice  beneath.  This,  he  found, 
took  place  particularly  when  small  objects  were  put  into 
the  inner  cage.  When,  on  the  contrary,  the  body 
was  large,  little  of  the  fluid  was  retained.  The  water 
obtained,  therefore,  was  not  uniform  in  the  different 
trials,  even  though  the  substances  were  of  the  same 
temperature.  Another  objection,  and  one  which  does 
away  with  the  value  of  the  calorimeter,  is,  that  the 
ice  melted  depends  not  so  much  on  the  temperature 
of  the  hot  object,  as  on  the  quantity  qf  caloric  it  gives 
fbrth  during  its  cooling.  It  will  be  afterwards  shewn 
that  bodies,  though  at  the  same  temperature,  contain 
very  different  quantities  of  heat,  they  must  of  course 
emit  it  in  proportion,  so  that  those  which  have  most, 
inust  produce  the  greatest  liquefaction  ;  and  hence  pro* 
bably  the  discordance  in  the  results  of  the  experiments 
made  with  the  calorimeter,  with  the  view  of  ascertain- 
ing temperature. 

B^ore  finishing  the  subject  qfexpafuioUj  wi  have  yet  to 
notice  the  exceptions  to  this  law.  When  pure  clay,  or  any 
substance  containing  it  in  considerable  quantity,  is  ex- 
posed to  heat,  it  contracts  instead  of  expanding.  As, 
in  this  case,  the  clay  does  not  regain  its  original  bulk 
when  it  cools,  it  is  not  to  be  considered  a  real  exception  ; 
for,  were  it  so,  it  ought  to  contract  by  heat,  and  expand 
by  cold.  Many  bodies,  in  passing  from  fluid  to  solid, 
enlarge,  even  though  they  are  parting  with  caloric,  as  is 
remarkably  the  case  with  water,  ice  occupying  more  space 
than  the  fluid  from  which  it  is  formed.  That  it  does  so, 
is  proved  by  putting  water  into  a  flask,  marking  its  height, 
and  plunging  it  into  a  mixture  of  ice  and  salt.  In  the 
course  of  a  short  time,  the  fluid  will  bc^n  to  congeal, 
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and  the  water  will  rise  in  the  neck  of  the  vessel,  owing  to 
the  expansion  of  that  which  has  congealed.    That  water 
expands  while  freezing,  is  also  proved  by  ice  alwajs  float- 
ing on  it,  shewing  that  bulk  for  bulk  it  is  lighter  than  it 
The  force  exeried  by  the  enlargement  of  water j  whUefreez-^ 
ing^  is  asionishingy  vessels,  though  made  of  metal,  being 
easily  burst  by  it ;  hence  the  cause  of  the  frequent  burst- 
ing of  pipes  during  winter,  the  water,  when  freezing,  ex- 
panding with  such  force,  as  to  tear  asunder   the  lead 
of  the  pipe.     This  points  out  the  necessity  of  laying  them 
a  considerable  way  under  ground,  to  prevent  the  frost 
from  reaching  them.     Experiments  have  been  conducted^ 
with  the  view  of  ascertaining  the  actual  force  of  the  expan- 
sion.    In  (Hie  of  these  performed  by  the  Florentine  Aca- 
demicians, (Ph.  Tr.  1670,)  a  brass  globe,  having  a  car 
vity  of  an  inch  in  diameter,  was  burst,  by  filling  it  with 
water,  plugging  up  the  mouth,  and  freezing  the  fluid, 
to  accomplish  which,  it  was  calculated  that  the  force  exert- 
ed must  have  been  equal  to  about  97,720  pounds.     In  an 
experiment  of  Major  Williams,  (Ed.  Ph.  Tr.  ii.)  a  bomb 
filled  with  water  was  put  into  a  cold  mixture,  to  cause 
the  fluid  to  freeze,  and  during  congelation,  an  iron  plug 
with  which  the  aperture  was  stopped,  upwards  of  two 
pounds  in  weighty  was  projected  from  its  orifice  to  the 
distance  of  415  feet,  moving  with  a  velocity  of  SO  feet 
in  a  second.     Though  this  property  of  water  is  a  source 
of  great  inconvenience,  yet,  in  the  economy  of  nature, 
we  find  it  serving  the  most  useful  purposes.   During  win- 
ter, the  moisture  in  the  earth  being  frozen  is  expanded, 
by  which  it  separates  it  su£5ciently  to  permit  the  exten- 
sion of  the  roots  when  vegetation  begins. 

The  exceptions  mentioned  are  not  to  be  considered  reaij 
the  substances  having  undergone  a  change ;  the  clay  has 
lost  moisture,  or  some  other  matter,  and  the  water  has 
passed  from  fluid  to  solid.  There  is  one  real  deviation, 
however,  in  the  case  of  water  at  a  certain  temperature. 
When  we  apply  heat  to  it  at  82,  instead  of  expand- 
ingf  according  to  the  general  law,  it  contracts,  and 
it  continues  to  do  so  till  it  reach  about  the  40th  de- 
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^ee,  after   which,  still   continuing  the  heat,  it  begins 

to  enlarge.     On  the  contrary,  when  we  apply  cold  to 

it  at   40,   instead  of  contracting,   it  actually  expandsf 

and  continues  to  do  so  till  it  is  frozen.      The  change 

in  volume  is  not  great,  being  only  about  l-10,000th 

part,  but  it  may  be  shewn  by  having  the  water  in  a 

small  tube,  with  a  ball  at  one  end.  Thus,  sup. 

pose  we  put  water  at  50  into  a  tube  of  this  H-so 

flhape,  and  plunge  the  ball  into  ice ;  as  we 

withdraw  the  heat,  it  falls  in  the  stem,  till  it 

comes  to  40  or  thereabouts.    After  this,  in*     33. 

atead  of  continuing  to  sink,  it  begins  to  rise ; 

and  when  at  82,  it  is  higher  in  the  tube  than 

40 ;  it  must  therefore  have  expanded.     If,  as 

when  it  is  at  this  temperature,  we  heat  the 

ball,  the  water,  instead  of  rising,  did  it  foUoWv 

the  usual  law,  falls  in  the  tube,  so  that  at  40, 

it  is  lower  than  when  at  82 ;  it  must  therefore 

have  contracted.     From  this  it  is  evident  that 

water  at  40  is  of  greater  density,  that  is,  bulk 

folr'bulk  it  weighs  more,  'or  Is  of  greater  specie- 

fie  gravity,  than  at  82. 

This  very  remarkable  property  of  water  was  first  no- 
ticed by  the  Florentine  Academicians,  but  it  was  after- 
wards denied  by  several  eminent  chemists,  who  supposed 
it  to  be  a  deception  occasioned  by  the  irregularity  in  the 
enlargement  and  contraction  of  the  vessel  containing  it. 
It  has  now,  however,  been  proved  by  the  most  satisfac 
tory  experiments.  Sir  Charles  Blagden  endeavoured  to 
prove  it  by  ascertaining  the  density  at  different  tempera- 
tures, (Phil.  Tr,  1792.)  He  weighed  equal  bulks  of  wa- 
ier  at  32  and  at  89,  and  he  found  the  latter  to  be  of 
greater  specific  gravity  than  the  former,  which  it  ought 
not  to  have  been,  had  it  followed  the  usual  law  in  con- 
tracting to  82,  or  the  point  of  congelation.  Thus,  if  heat 
be  applied  to  water  at  82,  it  ought,  provided  it  was  not 
an  exception  to  the  general  law,  to  expand ;  and  as  the 
same  bulk  would  contain  less  matter  than  before,  its  spe* 
rific  gravity  should  be  diminished.     It  ought  therefore, 
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at  89,  to  be  of  less  specific  gravity  than  at  82.  This,, 
however,  according  to  Blagden,  is  not  the  case*  H^; 
found  that  the  density  was  greater  at  89,.  proving,  thaA< 
by  the  addition  of  caloric,  instead  of  expanding  it  nu^L 
contract. 

This  anomaly  of  water  has  been  still  more  satisfac-i 
torily  proved  by  the  experiments  of  Dr  Hope,  (Ei  PhiL; 
Tr.  V.)  It  has  been  already  m^itioned,  that  by  applying 
heat  to  fluids,  currents  are  induced,  by  which  the  caloric 
is  conveyed  through  them,  the  warmer  particles,  owioigi 
to  their  expanding,  becoming  of  less  specific  gravity,  and> 
ascending,  while  the  colder  particles  fall.  In  his  experj^- 
ments,  Dr  Hope  took  a  tall  jar,  in  which  two  thermom^ 
ters  were  suspended,  one  at  the  top,  the  other  at  the  boir 
tom ;  round  the  middle  of  it  was  placed  a  pan,  into  whigk 
either  a  warm  or  cold  mixture  was  poured  as  required.. 
He  first  filled  the  jar  with  water  at  82,  and  put  a  fiu^fl 
of  temperature  68  into  the  pan.  As  the  water  becaoie 
warm,  the  particles,  instead  of  rising,  actually  fell,  axfd 
affected  the  thermometer,  while  that  at  th^  top  did  not 
suffer  any  change.  This  current  of  heated  particles  4omi- 
wards  J  went  on  till  the  instrument  below  rose  to,  S9*|^, 
after  which,  that  above  began  to  be  affected.  In.  ano* 
ther  experiment,  he  filled  the  jar  with  water  a(  Sd^S,  and 
put  a  cold  mixture  into  the  pan.  As  the  fluid  parted 
with  its  caloric,  the  cooled  particles,  instead  of  descendingj 
actually  rose^  and  affected  the  thermometer  at  the  top. 

Though  it  has  thus  been  proved  that  water  is  a  re- 
markable excepticm  to  the  general  law  of  expansion, 
during  a  certain  range  of  temperature,  yet  the  degree 
at  which  this  commences  has  not  been  determined.  Blag- 
den,  it  has  been  said,  placed  it  at  89,  Dr  Hope  at  89*5, 
and  Rumford,  who  has  made  experiments  on  the  subject, 
considered  it  very  nearly  the  same,  (Nichplson^s  Journal, 
Aug.  1805.)  Mr  Crichton  of  Glasgow  has  lately  fixed  it 
at  42.8,  (An.  of  Ph.  N.  S.  v.)  His  experiments  were  per- 
formed by  putting  a  hollow  glass  ball  at  the  bottom  of  a 
jar  of  water  at  82,  and  applying  heat,  by  which,  as  the 
became  greater,  the  ball  began  to  rise,  and  con? 
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tinued  at  the  surface  till  it  again  changed,  that  is,  till 
it  began  to  expand,  after  which  it  immediately  sank.  By 
marking  the  degree  of  a  thermometer  placed  in  the  water 
while  undergoing  these  changes,  and  taking  the  average 
of  a  number  of  trials,  he  has  placed  the  greatest  density 
at  42.3,  so  that,  according  to  him,  water  from  82  to  42 
contracts,  while  from  42  to  32  it  expands. 

This  remarkable  deviation  from  the  general  law,  is 
ascribed  to  a  new  arrangement  of  the  particles.  It 
has  been  already  said,  that  water  expands  during  con- 
gelation, which,  it  is  supposed,  is  owing  to  the  particles 
assuming  a  particular  arrangement,  the  spicules  of  ice  on 
the  surface  always  darting  out  at  a  certain  angle  from  the 
sides  of  the  vessel,  or  from  each  other.  This,  it  is  ima- 
gined, may  begin  some  time  before  congelation  occurs, 
and  thus,  though  caloric  is  withdrawn,  give  rise  to  the  ex- 
pansion. The  important  results  of  this  deviation  will  be 
afterwards  noticed. 

Communication  of  Calobic. 

It  has  been  already  said,  that  heat  has  a  tendency  to 
pass  from  one  body  to  another,  till  they  become  of  the 
same  temperature.  Thus,  if  a  warm  substance  be  placed 
near  a  cold  one,  the  heat  passes  from  the  former  to  the 
latter,  till  the  temperature  of  both  is  the  same,  which 
has  been  ascribed  to  the  repulsive  nature  of  the  particles 
ci  caloric,  which  it  is  supposed  have  a  tendency  to  recede 
firom  each  other.  It  is  not,  however,  entirely  owing  to 
this,  for,  if  it  were,  it  ought  to  pass  with  equal  celerity 
fhmi  all  objects,  which  is  by  no  means  the  case.  The 
quickness  with  which  it  is  given  off  is  much  influenced 
by  the  nature  of  the  body,  and  the  difference  of  tempera- 
ture between  it  and  the  cold  medium.  A  substance  is 
cooled  more  quickly  in  air  than  in  vacuOy  and  more  so 
in  water  than  in  air.  It  is  now  known  that  heat  is  trans- 
tnitted  in  two  ways.  If  a  hot  object  be  placed  in  con- 
tact with  a  cold  one,  the  caloric  passes  slowly  from  the 
one  to  the  other.      When,  on  the  contrary,  it  is  sus* 
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pended  in  the  air,  it  darts  off  from  it  qmckly  to  the  sur- 
rounding objects.  In  the  former  instance,  it  is  said  to 
be  conducted  ;  in  the  latter,  to  be  radiated.  This  neces- 
sarily divides  the  communication  into  two  parts, — the  con- 
duction, and  the  radiation. 

Conduction. 

All  bodies  can  receive  heai,  jfct  they  do  so  with  diffef- 
ent  degrees  of  celerity.  If  a  piece  of  iron  and  of  wood  be 
placed  near  a  fire,  the  iron  will  be  sooner  heated  than  the 
wood ;  the  same  is  the  case  with  their  rate  of  cooling, 
the  former  parting  with  its  caloric  more  quickly  than  the 
latter.  This  property  of  bodies  to  receive  and  give  it 
out,  is  called  their  conducting  power^  and  those  which 
receive  it^  or  part  with  it,  quickly^  are  termed  good  om- 
ductorSf  while  those  which  receive  it,  or  part  with  it, 
doatyj  are  termed  bad  conductors.  Though  substances 
take  in  and  give  out  heat  differently,  yet  each  receives 
and  parts  with  it  in  the  same  degree.  Thus,  in  the  ex- 
ample of  the  iron  and  wood,  the  former  becomes  much 
sooner  heated,  but  it  is  also  sooner  cooled  than  the  latter. 
Those  bodies,  then,  which  receive  heat  quickly,  also  part 
with  it  quickly,  and  those  which  receive  it  slowly,  part 
with  it  slowly. 

If  a  rod  of  iron  be  put  into  a  fire,  the  end  in  the  fuel 
will  aooD  become  red  hot,  and  the  caloric  vrill  pass  so 
speedily  from  particle  to  particle,  that  the  hand  cannot 
bear  the  heat  of  the  opposite  end.  A  small  piece  of 
wood,  on  the  contrary,  Uiough  burning  at  one  end,  may 
be  taken  hc^d  of  at  the  other  with  impunity.  In  the  for- 
mer instance,  the  metal  is  said  to  be  a  good  conductor, 
or  to  communicate  the  heat  quickly  from  particle  to  par- 
tidew  In  the  latter,  the  wood  is  said  to  be  a  bad  coop* 
ductor,  or  to  convey  it  slowly.  Bodies,  then,  conduct 
beat  very  differently.  In  general,  the  denser  the  sub- 
stance,  the  better  is  its  conducting  power.  Metals,  the 
densest  bodies  with  which  we  are  acquainted,  conduct 
it  quickly^  while  wood,  earthen  ware,  woollen  doth,  and 
fur,  do  so  very  slowly. 
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That  bodies  conduct  heat  differently,  may  be 
diewn  by  a  very  simple  experiment.  Put  a  lamp  un- 
der the  centre  of  a  sheet  of  copper,  and,  at  the  comers 
place  a  piece  of  iron,  I,  tin,  T,  lead,  L,  and 
stone,  S,  of  the  same  size  and  thickness,  and 
having  on  each  a  small  bit  of  phosphorus. 
That  on  the  iron  will  be  first  kindled,  shew- 
ing that  it  is  soonest  heated  ;  in  other  words,  that  the  ca- 
loric has  passed  most  quickly  through  it.  Next  will 
oome  the  tin,  then  the  lead,  and  lastly,  the  stone,  the 
phosphorus  on  which  will  remain  a  long  time. 

Richman  has  made  several  experiments  on  the  con- 
ducting power  of  metals.  He  inclosed  the  bulb  of  a 
thermometer  in  hollow  metallic  balls,  and  plunged  them 
into  boiling  water  till  the  thermometer  stood  at  the  same 
height  in  each.  He  then  exposed  them  to  the  air,  and 
observed  the  time  they  took  to  come  down  to  a  certain 
degree.  The  ratio  in  which  the  metals  lost  caloric  was 
as  follows : 

Brass  10,  I      Iron  11,      I      Lead  27. 

Cop|)erlO,       I      Tin  17,       | 

Hence  he  inferred,  that  of  these  brass  and  copper  were 
the  best,  and  lead  the  worst  conductor. 

Ingenhouse  followed  a  more  simple  method.  He  took 
wires,  and  coated  them  with  wax  of  the  same  thickness 
to  the  height  of  eight  inches.  He  then  plunged  them  two 
inches  deep  into  warm  oil,  and  according  to  the  length 
of  wax  melted,  he  inferred  the  conducting  power.  He 
found  that  silver  was  the  best,  next  came  gold,  then  tin 
and  copper,  which  were  nearly  equaL  Platinum,  steel, 
iron,  and  lead,  were  inferior,  lead  being  the  worst,  (Joum. 
de  Phys.  xxxiv.) 

The  method  followed  by  Rumford,  in  ascertaining 
that  of  materials  used  for  clothing,  was  extremely  simple. 
(Essays,  Vol.  II.)  He  had  a  hollow  cylinder  of  glass 
with  a  ball  at  one  end,  in  which  was  suspended  a  ther- 
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mometer  suirounded  by  the  substance  to  be  tried.  The 
cylinder  was  then  plunged  into  boiling  water  till  the  thert> 
mometer  arrived  at  a  Certain  temperature,  after  which  it 
was  remoredy  and  put  into  ice  and  water,  and  from  the 
time  it  took  in  reaching  that  of  the  mixture,  he  inferred 
the  conducting  power.  The  time  required  for  cooling 
the  thermometer  being  expressed  in  minutes,  of  courae 
the  conducting  power  is  inversely  as  the  time.  Air  576i 
fine  lint  10S2,  cotton  1046,  wool  1118,  raw  silk  1284, 
beaver's  fur  1296,  eider  down  1305,  hare*s  fur  1815* 
With  wood  ashes,  the  time  required  was  927,  with  chaN 
coal  937,  and  with  lamp  black  1171. 

From  the  knowledge  of  the  conducting  power  of  bodies^ 
many  useful  hints  are  derived.  When  we  wish  to  keep 
a  substance  warm,  we  surround  it  with  a  bad  conductor, 
or  one  which  allows  the  heat  to  be  slowly  transmitted 
through  it.  To  preserve  ourselves  warm,  we  are  cover* 
ed  wiUi  bad  conductors,  as  woollen  cloth,  fur,  &c.  This 
has  given  rise  to  the  idea,  that  these  actually  possess 
warmth,  which  is  not  the  case.  They  merely  prevent 
the  air,  which  is  colder  than  our  bodies,  from  quickly 
taking  caloric  fronij  theniii^  .,Ii|  India,  idien.,4ceL  is  pro* 
cured,  it  is  instantly  put  into  blankets,  which  serve  the 
same  purpose  as  our  clothing,  by  preventing  the  caloric 
from  being  transmitted  from  the  warm  air  to  the  colder 
ice. 

On  the  contrary,  if  we  wish  to  warm  a  body  quickly,, 
a  fluid  for  instance,  we  put  it  into  a  vessel  which  is  a 
good  conductor,  as  a  metallic  one. 

It  has  been  already  said,  that  the  sensations  of  heat 
and  cold,  communicated  by  different  bodies,  are  different, 
even  though  of  the  same  temperature.  Thus,  if  we  put 
our  hands  on  a  piece  of  metal  and  wood,  a  little  heated, 
the  iron  only  will  feel  warm.  If  they  be  colder  than  the 
hand,  the  iron  will  feel  cold,  while  the  wood  will  com- 
municate a  sensation  very  little  different  from  what  it 
did  before.  This  is  accounted  for  by  the  difference  iit 
their  conducting  power.     In  the  first  instance,  the  iron. 
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being  a  good  conductor,  gives  off  its  h^at  quickly  to  the 
hand ;  whereas,  the  wood,  from  its  being  a  bad  conduc- 
tor, parts  with  it  slowly.  In  the  latter  instance,  the  iron 
takes  heat  from  the  hand,  and  quickly  transmits  it  frcxm 
particle  to  particle,  so  that,  in  a  given  time,  it  robs  it  of 
a  great  deal ;  whereas  the  heat  given  by  the  band  to  the 
wood,  owing  to  the  inferior  conducting  power,  remains 
long  near  the  surface.  The  hand,  therefore,  being  sud- 
denly deprived  of  heat  by  the  iron,  feels  cold ;  but  the 
abstraction  by  the  wood  being  gradual,  little  or  no  parti- 
cular sensation  is  perceived. 

What  has  been  said  of  the  conducting  power  of  bodies, 
and  of  the  communication  of  heat  through  them,  relates 
only  to  solids.  The  effect  is  yery  different  with  respect 
to  liquids.  In  them  heat  is  trananUtted  quickly  or  dowbf^ 
according  to  the  method  in  which  it  is  applied.  In  solids, 
it  is  communicated  from  particle  to  particle,  till  the 
whole  is  warmed.  When,  on  the  contrary,  we  apply  it 
to  the  bottom  of  a  vessel,  with  a  fluid,  the  particles  below, 
as  they  acquire  it,  expand,  become  lighter,  and  ascend,  Uie 
colder  ones  fall,  gain  caloric,  and  rise,  so  that  the  fluid 
is  not  warmed  by  the  heat  being  communicated  from  par- 
ticle to  particle,  as  with  solids,  but  by  its  being  conveyed 
through  it  by  the  currents.  We  would  imagine,  from  the 
ease  with  which  fluids  are  warmed  in  this  way,  that  they 
are  good  conductors;  they  are,  however,  quite  the  reverse, 
as  has  been  proved  by  the  experiments  of  Count  Rumford. 
Rumford  was  first  led  to  suppose  that  fluids  are  bad  con- 
ductors, from  finding  that  decoctions  of  vegetables,  aa 
stewed  apples,  which  contain  a  large  quantity  of  water, 
retain  their  heat  for  a  long  time.  His  experiments  were 
performed  under  a  variety  of  cirumstances.  In  some 
be  gave  full  play  to  the  currents,  while  in  others  they 
were  interrupted  by  placing  substances,  as  eider  down, 
in  the  fluid.  If,  for  instance,  a  piece  of  ice,  loaded, 
be  placed  at  the  bottom  of  a  jar,  and  over  this  be 
poured  cold  water,  to  the  depth  of  about  an  inch,  and 
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again,  above  this,  boiling  water,  put  in  very  cautious- 
ly, to  prevent  it  mixing  with  that  beneath,  the  ioe 
wiU  continue  for  a  long  time  unmelted,  proving  the 
very  bad  conducting  power  of  the  cold  fluid.  Im 
this  experiment,  there  are  no  currents  to  convey  the 
caloric  to  the  ice.  The  bad  conducting  power  of 
fluids  he  proved  in  another  way,  and  perhaps  still  mare 
satisfactorily,  by  putting 
at  the  bottom  of  a  tube  a 
piece  of  ice  loaded.  A, 
pouring  in  cold  water,  B, 
and  applying  a  lamp,  C, 
to  about  the  middle  of  it, 
to  cause  it  to  boil.  In 
this  instance,  the  ice  will  remain  for  a  long  time,  though 
the  water,  at  the  distance  of  a  few  inches,  is  kept  boiL- 
ing  ;  and  here  also  the  currents  do  not  operate,  so  as  to 
affect  the  ice;  for  though  the  heat  is  applied  to  the 
middle,  the  particles,  as  they  are  warmed,  ascend,  while 
the  others  fall,  but  only  as  far  as  the  flame,  where  they 
are  to  gain  heat,  and  rise. 

If,  OQ  the  contrary,  a  piece  of  ice  be  put  on  the  surfact 
of  warm  water,  it  is  almost  instantly  melted,  because  it  is 
constantly  washed  by  warm  particles,  those  at  the  top,  as 
they  give  out  heat,  contracting  and  falling  while  the 
warmer  ones  rise  to  occupy  their  place. 

Aumford  pointed  out  another  very  curious  fact  with 
regard  to  the  conducting  power  of  fluids.  He  found 
that  when  water  at  40  was  placed  between  the  ice  and  the 
warm  liquid,  the  liquefaction  went  on  more  slowly  than 
when  water  at  32  was  used.  This  is  accounted  for  by  the 
anomaly  already  explained,  (page  5sS4,)  that  it  is  specifi- 
cally heavier  at  40  than  at  82.  When,  therefore,  water 
at  40  is  poured  over  the  ice,  the  particles,  as  they  receive 
beat  from  the  fluid  above,  ascend :  Whereas,  when  it  is 
at  32,  as  it  contracts  by  the  acquisition  of  caloric,  it  falls, 
comes  in  contact  with  the  ice,  and  melts  it;  and  this 
current  of  the  heated  particles  downwards,  goes  cm  till 
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the  whole  of  the  cold  water  is  brought  up  to  40,  after 
which  the  warm  particles  begin  to  rise. 

These  different  experiments  led  Rumford  at  first  to 
conclude,  that  though  fluids  can  receive  caloric  from 
other  bodies,  yet  they  cannot  communicate  it  from  par- 
ticle to  particle ;  an  opinion,  however,  which  he  was 
afterwards  induced  to  relinquish.  When  a  fluid  was 
warmed  by  the  application  of  heat  to  the  top,  he  suppos- 
ed that  the  caloric  was  conveyed  entirely  along  the  sides 
of  the  vessel ;  but  that  this  is  not  the  case,  has  been  dis- 
proved by  numerous  experiments,  more  particularly  by 
one  of  Dr  Murray,  (Nicholson'*s  Journ.  Vol.  I.)  He 
took  a  vessel  of  ice  which  never  could  have  its  tem- 
perature above  32,  and  filled  it  with  difi^erent  fluids,  a 
delicate  thermometer  being  suspended  at  the  bottom. 
By  applying  a  heated  body  to  the  surface,  the  thermo- 
meter was  observed  to  rise.  In  this  instance,  then,  the 
heat  must  have  been  conveyed,  not  by  the  vessel,  but  by 
the  fluid,  having  been  transmitted  from  particle  to  par- 
ticle. 

It  is  difficult  to  ascertain  the  conducting  power  of 
fluids,  as  it  is  not  easy  to  find  what  is  due  to  conduction, 
or  to  the  transportation  by  means  of  the  currents,  and 
no  very  satisfactory  experiments  have  been  made  on  the 
subject. 

Rumfbrdheld  ihesame  opinion  xvith  respect  to  aeriaijluidfy 
that  he  did  with  regard  to  liquids.  His  experiments  have 
proved  their  bad  conducting  power,  and  that  the  commu- 
nication of  heat  through  them  depends  almost  solely  on 
the  currents,  which  being  impeded,  the  communication 
is  retarded. 

That  heat  is  conveyed  through  air  in  the  same  way  as 
through  fluids,  is  proved  by  an  experiment  already 
mentioned.  Let  a  person  hold  a  red  hot  poker  hori- 
zontally, and  let  another  place  his  hands,  one  above, 
another  below  it,  the  former  will  be  much  more  heated 
than  the  latter,  because  the  particles  of  air  in  con- 
tact with  the  poker,  by  acquiring  caloric,  expand,  and 


CONDUCTION.  as 

rise.  On  the  contrary,  if  a  piece  of  ice  be  held  in  the 
place  of  the  poker,  the  hand  beneath  is  most  cooled,  be- 
cause the  particles  that  touch  the  ice,  by  losing  heat, 
contract  and  fall,  and  therefore  reach  the  hand  below. 
It  is  owing  to  the  currents  induced  in  air,  by  an  appli- 
cation of  heat|  that  the  popular  but  erroneous  idea  has 
originated,  that  caloric  has  a  tendency  to  ascend.  It 
does  not  rise  of  itself;  it  is  carried  up  by  the  warm  air. 

From  what  has  now  been  said  of  the  conducting  power 
o[  fluids  and  air,  and  of  the  mode  by  which  heat  is  trans- 
mitted through  them,  many  useful  practical  lessons  may 
be  derived,  particularly  with  respect  to  the  economy  of 
fueL  Thu^  when  we  ^ish  to  warm  a  fluid,  it  must  be 
heated  from  below,  otherwise  it  will  be  very  slowly 
warmed  ;  for,  if  the  heat  he  applied  from  above,  the  sur- 
face only  receives  caloric,  the  warm  particles  remaining 
at  the  top.  In  throwing  heated  air  into  a  room,  with 
the  view  of  warming  it,  the  pipes  ought  to  open  as  near 
the  floor  as  possible^  to  allow  the  air  to  rise,  and  thu^ 
communicate  caloric  to  the  whole  of  that  in  the  apart- 
ment. In  heating  fluids  by  steam,  the  mouth  of  the  pipe 
from  which  it  issues,  ought  always  to  be  near  the  bot- 
tom of  the  vessel,  that  the  particles  below,  as  they  acquire 
heat  by  the  condensation  of  the  vapour,  may  expand  and 
rise,  and  allow  those  above  to  fall,  in  their  turn,  to  gain 
heat,  by  which  the  whole  of  the  fluid  may  be  quickly 
warmed.  Were  the  pipe  to  terminate  near  the  top,  the 
particles  there  would  soon  become  so  warm,  that  they 
would  cea^  to  condense  the  steam ;  in  fact,  the  fluid 
above  would  be  actually  boiling,  while  that  at  the  bottom 
would  be  quite  cold. 

T%^  currents  in  Jkiid^  and  airs  serve  important  pur- 
pases  in  the  economy  qfnaturen  Thus,  though  ice  is  form- 
ed in  small  collections  <^  water,  the  adjacent  lakes  may 
not  be  frozen ;  aipd  th^re  are  many  accounts  of  lakes 
never  freezing,  which  h#s  been  ascribed  to  their  having 
warm  springs  in  them^  It  is  to  be  accounted  for,  how- 
e%er,  hj  the  qurvtpjts  induced  by  a  change  of  tempera- 
ture.    Suppose  A  lake  at  60,  and  cold  is  applied  to  the 
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surface^  the  cooled  particles  descend,  and  the  warmer 
rise,  by  which  the  whole  of  the  water  must  be  brought  to 
a  certain  temperature  ;  but  our  common  frosts  do  not  con- 
tinue long  enough  to  do  this,  consequently,  large  lakes 
do  not  freeze.  On  the  contrary,  in  pools,  though  the 
cold  applied  to  the  surface  is  the  same,  the  fluid  is  soon 
cooled  to  the  proper  pitch,  and  ice  is  formed. 

The  whole  of  the  water,  it  has  been  said,  must  be  cool- 
ed to  a  certain  temperature ;  it  is  not  necessary,  however, 
that  it  must  be  all  brought  down  to  the  freezing  point. 
Owing  to  water,  at  a  certain  degree,  being  an  exception 
to  the  general  law  of  expansion,  when  that  in  a  lake  is 
cooled  to  40,  by  the  farther  abstraction  of  heat,  the  par- 
ticles on  the  surface  do  not  contract ;  they  expand,  and 
remain  above,  so  that  they  are  brought  to  the  SSd  de- 
gree, and  freeze,  while  the  water  below  is  still  at  40,  and 
continues  nearly  so ;  for  the  ice  being  a  bad  conductor, 
the  heat  is  slowly  abstracted  through  it.  Large  lakes, 
then,  not  only  seldom  freeze,  but  if  they  should,  ice  is 
formed  only  on  the  surface.  Had  not  Nature  deviated 
in  a  remarkable  degree  from  the  general  law  of  expan- 
sion, at  the  temperature  mentioned,  the  whole  would  be 
frozen  when  properly  cooled,  and  thus  prove  destructive 
to  the  life  of  its  inhabitants. 

The  preceding  remarks  apply  to  lakes,  or  large  rivers 
only.  In  small  rivers  the  whole  of  the  water  is  general- 
ly of  the  same  temperature,  for  though  that  at  the  top, 
when  cooled  to  32,  is  of  less  specific  gravity  than  the 
rest,  it  does  not  remain  on  the  surface.  Owing  to  the 
agitation  of  the  water,  and  to  wind,  particularly  when 
blowing  in  a  direction  opposite  to  the  current,  it  is  mixed 
irith  fthat  beneath.  Hence  it  is,  that  we  have  often  ice 
formed  first  at  the  bottom,  the  pebbles  and  other  objects 
itliOTfey  affording  nuclei,  on  which  it  is  deposited  when 
the  temperature  of  the  whole  is  brought  to  32. 

It  has  been  mentioned  that  these  movements  take  place 
in  gaseous  fluids*  There  is,  however,  one  apparent  excep- 
ti<Hi  to  this  in  the  air  of  the  atmosphere,  which,  as  we 
ascend,  becomes  colder,  till  we  at  last  arrive  at  perpetual 
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ciu     XHis^    hoiNrever,  is  easily  accounted  for.     The  air 

^^j  as  it  receives   heat  from  the  earth,  is  expanded, 

0Ji\ffcoHiing    specificallj  lighter  ascends,   but  it  rises 

ftk[  U>  tViat  lieiglit  where  it  meets  with  air  of  the  same 

tniitj  with  itselfV   occasioned  by  the  diminished  pressure, 

\oiAach  m  iKe    liigher  regions  it  is  subject;  so  that  the 

i^sffx  ^particlesy    l>eing  always  free  from  much  pressure, 

lemam  above,    and   though  the  sun^s  rays  pass  through 

ihim,  yet  tbey  do  not  communicate  any  warmth  to  them. 

In  coafined  portions  of  air,  on  the  contrary,  the  warmest 

put  18  always   above,  but  in  this  case,  that  at  the  bot- 

ton  tni  at  the  top  sustain  very  nearly  the  same  pressure ; 

•0  that  tins  does  not  interfere  in  the  movements  of  the 


The  distributicni  of  heat  over  the  globe  is  in  a  great 
measure  regulated  by  the  currents  in  fluids,  and  in  the 
atmosphere.  Thus,  the  earth  being  warmed  by  the  sun^s 
fays,  imparts  caloric  to  the  air  immediatdy  over  it,  the 
particles  of  which  ascend,  and  cold  ones  supply  their  place, 
ao  that,  though  it  is  constantly  receiving  heat,  yet  it  is 
also  constantly  parting  with  it.  As  that  part  of  the 
globe  at  the  Equator  is  warmest,  the  air  over  it  is  much 
heated,  and  rises,  so  that  there  is  a  continual  cold  cur- 
rent from  the  North  and  South  Poles  towards  it,  and  cor- 
lesponding  warm  ones  from  the  equator  to  the  poles,  by 
which  the  intense  heat  of  the  former,  and  severe  cold  of 
the  latter,    are  moderated. 

The  currents  in  fluids  serve  the  same  useful  purposes. 
When  a  cold  wind  passes  over  the  surface  of  water  warm- 
er than  itself,  it  receives  heat  from  the  particles  above, 
which,  as  they  become  cold,  descend,  and  have  their 
place  supplied  by  others,  also  to  give  offbeat.  By  this 
means  there  is  a  constant  supply  of  warmth  to  the  air, 
and  the  cold  is  diminished.  Hence  the  comparative 
mildness  of  islands  surrounded  by  a  great  extent  of 
ocean,  as  is  the  case  with  Great  Britain,  the  temperature 
of  which  is  far  above  that  of  inland  countries  in  the  same 
latitude ;  the  wind  which  reaches  the  former  receiving 
heat  from  the  water,  whereas  that  coming  to  the  latter, 

c  2 
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flowing  over  the  earth,  which  is  a  bad  conductor,  receives 
little  from  it.  Thus,  in  many  parts  of  the  Russian  do* 
minions,  in  the  same  latitude  as  that  of  Britain,  mercury 
is  often  frozen  during  winter,  so  that  the  thermometer 
must  be  at  least  — M,  whereas  here  it  is  rarely  so  far 
down  as  10,  almost  never  to  0. 

Radiation. 

W/ien  a  warm  object  is  suspended  in  the  atmosphere^ 
the  caloric  Jlies  off  from  it  to  the  surrounding  colder  bodiss 
toiih  great  velocity.  If  a  person  place  his  hand  before  a 
hot  substance,  with  a  screen  between  them,  he  is  not 
warmed,  but  the  moment  the  screen  is  removed,  he  is 
sensible  of  the  heat.  This  shews  the  quickness  with 
which  it  passes  through  the  air ;  and  from  its  flying  in 
all  directions,  it  is  said  to  be  radiated.  The  rays  thai 
thus  dart  Jrom  warm  bodies,  may  be  reflected  and  cos^ 
centrated  into  a  focus.  Thus,  if  a  person  stand  at  the 
ride  of  a  fire-place,  he  is  not  warmed ;  but  if  a  polished 
plate  of  metal  be  held  opposite  it,  the  rays  passing  from 
the  fire,  and  striking  the  plate,  are  reflected,  and  if 
properly  directed,  will  reach  the  person,  and  warm  him. 

The  first  mention  that  is  made  of  radiation  of  caloric, 
is  by  Mariotte  in  1682  (Mem.  of  Acad,  of  Science,) 
and  it  was  soon  afterwards  noticed  by  Lambert  (Voyage 
dans  les  Alpes  par  Saussure.)  They  shewed  that  caloric 
passes  through  the  air  from  a  burning  body,  and  warms 
the  objects  on  which  it  strikes.  Scheele  (Treatise  on  Air 
and  Fire,)  repeated  the  experiments  of  former  chemists, 
and  pointed  out  many  new  facts  concerning  it.  He  shewed 
that  the  heat  thus  given  ofi^,  passes  through  the  air  without 
warming  it,  and  that  \rind  has  no  effect  in  changing  its 
direction.  He  also  observed  that  the  rays  were  reflected 
by  some  bodies,  yet  absorbed  by  others.  Saussure  and 
Pictet  (Essais  de  Physique  — )  confirmed  the  experiments 
of  Scheele,  and  Herschell,  Leslie,  and  Rumfard,  have 
.greatly  extended  our  knowledge  on  this  important  subject. 
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(LmUc^s  Inquiry  into  the  Nature  of  Heat — Rumford't 
Esiaja.— HcrscheU,  FhiL  Tr.  1800.) 

To  illustrate  the  different  facts  concerning  radiation^ 
polished  metallic  concave  mirrors  are  employed,  some  of 
which  are  sections  of  an  oval,  others  of  a  circle,  or  an 
dlipse.     If  they  he  placed  opposite  to  each  other,   at 
the  distance  of  several  feet,   a  cage  of  ignited  charcoal 
near  one  will  instantly  affect  a  thermometer  in  the  focus 
of  the  other.     There  is  no  necessity,  however,  for  having 
recourse  to  so  delicate  an  indication  of  the  heating  effect; 
for  if  a  piece  of  phosphorus  be  held  in  the  focus,  it  is  in* 
standy  kindled. 

In  these  experiments,  there  must  be  something  emanat* 
ing  firom  the  charcoal,  which  is  reflected  by  the  mirrors, 
and  concentrated  also  in  a  focus,  so  as  to  set  fire  to  phos* 
phoros.  When,  then,  the  charcoal.  A,  is  placed  near  the 
wdrrarf  rays  of  heat  fly  off  from  it  in  straight  lines,  A  Bg 
A  C,  A  D,  A  £,  to  the  mirror,  by  which  they  are  ia« 
sCantly  reflected  again  in  straight  lines,  B  F,  C  G,  D  H, 


£  I,  to  the  <^posite  one,  where  they  are  also  reflected  at 
F  K,  G  K,  H  K,  I  K.  They  are  thus  brought  to  a 
point  at  K»  where  the  heating  effect  is  produced.  The 
distance  at  which  this  takes  place,  depends  of  course  on 
die  form  of  the  mirror.  If,  instead  of  biuning  charcoal, 
we  make  uae  of  a  red  hot  iron  ball,  the  same  is  produced, 
though  the  effect  is  not  so  great,  the  temperature  of  it 
being  less  than  that  of  the  other. 

In  these  experiments,  the  effect  on  the  thermometer 
differs  according  to  the  distance  of  the  mirrors  from  each 
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other.  By  the  law  laid  down,  it  decreases  as  the  squared 
of  the  distance,  that  is,  if  at  S  feet  it  be  4,  at  4  feet  it  is 
only  1. 

Some  objects  have  the  power  of  absorbing,  others  of 
allowing  the  rays  to  pass  through  them.  Thus,  if  a  pane 
of  glass  be  placed  between  the  mirrors,  the  heating  effect 
is  not  produced,  because  it  retains  the  rays.  It  is  owing 
to  this  that  wc  can  look  through  glass  at  a  strong  fire, 
or  furnace,  without  hurting  the  eye,  the  rays  thrown  off 
being  prevented  from  reaching  it.  Other  bodies^  on  the 
contrary,  reflect  the  rays.  Thus,  if  we  cause  them  to 
strike  on  a  polished  one,  it  is  little  heated.  If  a  differ- 
ential thermometer,  with  its  ball  gilded,  be  put  into  the 
focus  of  one  mirror,  the  cage  of  charcoal  into  the  other, 
there  is  very  little  effect  on  it,  the  rays  that  strike  it 
being  instantly  reflected.  On  the  contrary,  if  the  other 
ball  be  blackened,  and  placed  in  the  focus,  the  change  is 
much  greater,  the  blackened  surface  absorbing  the  rays. 
Some  surfaces  therefore  absorb,  while  others  reflect  the 
radiations  of  heat. 

The  above  remarks  apply  to  burning  and  incandescent 
bodies.  The  same,  however,  is  the  case  with  substances 
not  incandescent ;  these  also,  if  their  temperature  be  above 
that  of  the  atmosphere,  are  constantly  giving  forth  beat ; 
and  that  they  do  so  is  proved,  by  placing  any  warm  ob- 
ject, as  a  flask  of  boiling  water,  near  the  mirror ;  the 
thermometer  in  the  focus  of  the  other  is  instantly  affect- 
ed, thus  proving,  that  all  objects,  the  temperature  of 
which  is  above  that  of  the  contiguous  ones,  are  constant- 
ly sending  off  radiations  of  caloric,  and  which,  it  is  gene- 
rally allowed,  is  the  material  agent  in  its  pure  disengaged 
state,  subject  to  the  laws  of  reflection  and  concentration 
like  other  radiated  matter. 

Having  made  these  preliminary  observations,  we  have 
now  to  state  more  particularly  the  different  facts  concern- 
ing radiation.  The  power  of  radiating  is  proportional  to 
the  difference  between  the  temperature  of  the  hot  body, 
and  the  surrounding  medium,  and  also  to  the  extent  of 
surface. 
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The  most  remarkable  circumstance,  however,  is  the  ef- 
fect of  the  naiure  of  the  surface.  It  has  been  ascertain- 
ed, by  numerous  experiments,  that  the  more  resplehdent 
the  surface,  the  less  is  the  radiation ;  and  on  the  con- 
trary, the  darker  and  rougher  it  is,  the  radiating  power 
becomes  the  greater.  The  effect  of  surface  is  well  il- 
lustrated, by  putting  different  flasks  near  the  mirror.  If 
a  resplendent  one  be  filled  with  boiling  water,  and 
put  near  it,  the  thermometer  is  very  little  affected; 
but  if  the  same  flask  have  its  surface  smoked,  the 
efl^t  becomes  much  greater.  The  power  of  radiating 
has  been  well  illustrated  by  the  experiments  of  Leslie. 
He  took  a  cannister  of  tinned  iron,  covered  one  ^de  with 
smoke,  a  second  with  paper,  a  third  with  glass,  and  \fslt 
the  fourth  resplendent.  It  was  filled  with  boiling  waiter, 
and  placed  with  its  different  sides  towards  the  mirror. 
CoiudderiDg  the  effect  of  the  black  side  on  the  thermome- 
ter as  100,  that  of  the  paper  was  96,  of  the  glass  90,  and 
of  the  resplendent  metallic  one  only  12 ;  so  that  black- 
ened objects  produce  about  3  times  as  much  effect  as 
resplendent  ones. 

It  has  been  already  remarked,  that  bodies  receive  the 
rays  very  differently.  The  experiments  with  the  differ- 
ential thermometer  already  mentioned,  shew  that  black- 
ened bodies  receive  them  very  quickly,  while  resplendent 
ones  Bcarcely  receive  them  at  all ;  in  other  words,  they 
reflect  them.  Those  bodies,  then,  which  are  good  ra- 
diators, are  good  absorbers ;  while  those  which  radiate 
little,  absorb  little.  Good  radiators,  therefore,  are  bad 
reflectors,  and  bad  radiators  are  good  reflectors. 

From  the  fact  that  some  bodies  absorb  while  others 
reflect  the  rays  of  caloric,  Leslie  has  contrived  his  Ther- 
moscopej  which  is  merely  his  differential  thermometer  with 
one  ball  made  of  black  glass,  the  other  gilded.  The 
rajs  of  caloric  striking  the  balls,  affect  them  differently  ; 
they  are  reflected  by  the  gilded  ball,  and  absorbed  by 
the  black,  consequently  the  air  in  it  will  be  expanded, 
and  the  fluid  in  the  stem  attached  to  it  will  fall.     The 
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depth  to  which  it  sinks  denotes  the  heating  power  of  the 

Leslie  has  shown,  that  during  the  reflection  and  con- 
centration of  the  rays  of  caloric,  the  greatest  heat  h 
produced,  not  in  the  focus,  but  nearer  the  mirror.  A 
thermometer  was  raised  one^third  more  when  placed 
half  an  inch  nearer  the  mirror,  than  when  in  the  focus 
itself.  On  the  contrary,  when  put  beyond  it,  the  effect 
was  greatly  diminished. 

Screens  of  various  materials  have  different  powers 
of  stopping  the  radiations.  A  screen  of  tin-foil,  or  even 
of  gold  leaf,  which  is  600  times  thinner,  completely 
intercepts  them.  A  pane  of  glass,  or  a  sheet  of  paper, 
apparently  intercepts  them  only  partially.  It  is  said 
apparently,  for  at  first  sight  it  would  appear  that  they 
did  pass  through  ;  but  Mr  Leslie  denies  this,  for  if  it 
were  so,  the  effect  ought  to  be  the  same  at  whatever  dis- 
tance the  screen  is  placed  from  the  hot  body.  This  is, 
however,  not  the  case ;  the  nearer  the  glass  is  to  the 
radiating  surface,  the  greater  is  the  rise  of  temperature 
indicated  by  the  thermometer.  The  glass,  he  therefore 
supposes,  first  receives  heat,  and  then  itself  begins  to  ra- 
diate ;  and  that  this  is  the  case  seems  to  be  proved  by  the 
following  experiment.  He  took  two  plates  of  glass,  and 
coated  each  on  one  side  with  tin-foil  ;  v^hen  they  were 
put  together  by  their  glass  sides,  so  as  to  expose  the 
metallic  surfaces,  one  to  the  radiating  body,  the  other 
to  the  thermometer,  the  rays  were  entirely  stopped. 
When  the  metallic  sides  were  in  contact,  the  ther- 
mometer was  affected.  In  these  experiments,  then,  the 
same  substances  were  used  as  screens.  In  the  first,  how- 
ever, surfaces  were  exposed,  which  receive  and  give  out 
heat  slowly,  of  course  the  rays  coming  from  the  hot  body 
were  almost  all  reflected.  Those  absorbed  were  but 
slowly  emitted  by  the  metallic  leaf,  which  is  a  bad 
radiator.  In  the  other  instance,  when  the  glass  sides 
were  exposed,  it  received  the  rays  from  the  hot  body, 
much  more  quickly  than  the  tinfoil,  and  again,  it  also 


RADIATION.  41 

gave  them  off  mort  quickly,  by  which  the  tbermomtter 
in  thlfc  inttttnce  iras  most  adicted. 

The  6speriment8  of  Delaroche  (An.  of  Ph.  ii.)  are  at  va^ 
nance  with  the  conclusions  of  Leslie.  According  to 
hiCD,  radiant  heat  passes  directly  through  glass,  and  the 
more  the  temperature  of  the  object  is  elevated,  the  more 
easy  is  the  transmission.  Thus,  by  placing  screens  be^ 
tween  the  warm  body  and  the  thermometer,  and  hf 
having  these  replaced  by  others^  when  their  temperature 
was  likely  to  be  affected  by  absorption,  he  found  that  the 
thermometer  rose,  proving  that  the  effect  on  it  was  not  by 
radiation  from  the  glass. 

The  preceding  remarks  apply  to  the  emanation  froUk 
bodies,  the  temperature  of  which  is  above  that  of  the  sub- 
rounding  atmosphere.  A  question  now  occurs ;  does  it 
cease  to  radiate  when  its  temperature  is  the  same  as  that 
of  the  medium  ?  According  to  some  it  does.  Prevost, 
bowevCT,  supposes  that  it  does  not.  He  alleges  thai 
objects,  though  ail  of  the  same  temperature,  arecontinuaUy 
giving  out  and  receiving  calorific  emanations.  Hence,  if  ii 
substance  give  forth  more  than  it  receives,  its  temperature 
must  fall. 

From  what  has  now  been  said,  we  see  that  heat  is  oom- 
municated  in  two  different  ways,^^the  one  by  slow 
communication  from  particle  to  particle,-^the  other  by  ita 
darting  through  the  air  from  the  surface  of  one  objecft 
to  another.  When,  then,  a  hot  body  is  placed  in  $Sr 
colder  than  itself,  both  of  these  modes  operate;  but 
they  do  so  very  differently ,'-*one  losing  most  by  con- 
duction, another  by  radiation.  Even  the  same  sub- 
stance, at  different  times,  parts  with  its  heat  differently, 
according  to  circumstances.  In  general,  that  given  out 
by  the  one  method,  is  inversely  to  that  lost  by  the  other,^^ 
that  is»  when  much  is  lost  by  conduction,  ihere  is  littlis 
emitted  by  radiation ;  or,  if  much  is  given  forth  by  ra- 
diation, there  is  little  loss  by  conduction.  Thus  good 
conductors,  for  instance  metals,  are  bad  radiators. 
Spongy  bodies  conduct  heat  slowly,  but  they  radiate 
powerfully. 
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^it  ^%Mti^  {wpccss  is  alao  much  influenced 
X    ^j  ^1 1^  .»(SM«w<nM«M«;  tiMne  refer  both  to  the  bodies 

^^,^,^  ,^  ,wMi  ^  ;iW  ttM^diuHi  in  which  they  are  placed. 

\«^  .^  iK^*iKi  >««^vtt|e  leuftperature,  size,  figure,  surface, 
^  ^^v^'ML  tMCuxv  %^  the  object.     It  is  a  general 

,j^  ^^  ^«>MfriHr  ihe  difference  of  temperature  be- 

^fikv«4  ^^  Wi  (Khty  and  cooling  substance,  the  more 
^«^y^^^  V  ^VfM^  s'^JtM^'^  Sir  Isaac  Newton  laid  it  down 
%k  \  ^vmkW  U(^^\  ^^  ^  the  times  proceed  in  an  arithme- 
^^  -X  \Wii>«N  W«4  U  in  a  geometric  progression.  Thus, 
VI  «¥  ^  V>^  v*jUMkl«»  the  loss  is  S%  in  the  ftd  it  is  9^,  in 
^  ki  i^-  M«MrliiHs  on  the  other  hand,  (Essay  on  Heat) 
^^vHiM^   s^   ^  the  temperature  of  the  substance  ap- 

Sss^JMv  ^W  v>4t  ike  medium,  the  caloric  given  off  is  as 
1^  vk^M4««  \  ^  body  loses  just  as  much  in  the  first  minute 
^  i\  \lvsMi  m  the  second,  and  so  on  till  the  equili- 
^t>j[Wyv  ^  v«(AUi»heiI.  Leslie  and  Rumford  have  shown 
^^  Htw  v^^W^'ie  given  off  is  always  the  same,  at  what- 
^\s^  Vt^^)k^^44Uuv  the  cooling  is  going  on,  provided  the 
^yiK^v^KV  U^(weeu  it  and  the  medium  is  the  same. 

V^^  V^i^^tude  of  bodies  also  affects  their  cooL 
g^.  ^^si^  if  we  have  two  masses  of  the  same  mat- 
Vi4i^  W^  ^4  different  sizes,  the  heat  given  out  is  not 
^  uj^s^^iW4^  (^  the  quantity  of  matter,  but  to  the  sur- 
^^v  ^V^y^lHMH^  we  have  an  inch  cube  and  two  inches 
V^W  \^  ^^^  *^^^  substance,  and  at  the  same  tempera- 
^^y\  t^^  UU^  contains  eight  times  as  much  matter 
4^  V^  (Wu^vi'i  but  it  does  not  lose  eight  times  as 
m^^'K  KvAli^"-lt  gives  out  only  four  times  as  much,  be- 
V^\k<i^  \S  |m»«MUs  quadruple  the  surface.  It  follows 
4viM  VUk  (h^^  ^i^^  figure  must  also  affect  the  cooling,  as 
U  x^MA^'^  \\y^  v^leiit  uf  surface.  If  we  have  two  objects 
>4  vkv  M^IMV  MAluit^i  that  which  exposes  most  surface,  cools 
^ii^^  MS4U41y*  a  upliere,  therefore,  which  presents  least, 
\\HvU  ^^v  M\mly  than  any  other. 

VH^  vMWl  Vit  the  nature  of  the  surface  in  influencing 
\ssviuu|x  K^^  Wn  already  explained  when  detailing  the 
^v^^  \0[  ^^^slUti^M.  The  darker  and  rougher,  the  more 
k^v%^At\^^\  \UH'i  it  radiate;   it  must  therefore  cause  an 
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object  to  cool  more  quickly.  On  the  contrary,  the  more 
resplendent  the  surface,  the  less  does  it  radiate;  it 
must  therefore  make  a  body  cool  the  more  slowly. 

The  nature  of  the  object  itself  also  affSects  the  codU 
ing,  more  particularly  with  respect  to  its  conducting 
power.  A  good  conductor,  as  a  metal,  cools  much  more 
quickly  than  a  bad  conductor,  as  wood ;  because  the  heat 
which  is  carried  off  from  the  former,  is  soon  supplied 
from  the  internal  parts ;  whereas,  in  the  latter,  it  passes, 
slowly  from  within  to  the  surface. 

The  cooling  process  differs,  also,  according  to  the  na- 
ture of  the  substance  by  which  the  warm  object  is  sur- 
rounded. The  more  heat  it  can  receive,  the  more  quickly 
is  the  other  cooled.  A  substance,  also,  which  is  a  good 
conductor,  cools  a  body  much  more  speedily  than  one 
which  is  a  bad  conductor,  because  the  heat  given  off  frcmi 
the  latter  is  quickly  communicated  from  particle  to  parti- 
cle, so  that,  in  a  given  time,  it  loses  a  great  deal.  Thus, 
a  hot  iron  cools  more  quickly  in  water  than  in  air, 
and  much  sooner  in  quicksilver  than  in  water, — water 
being  a  better  conductor  than  air,  and  quicksilver  better 
than  water. 

Air,  it  has  been  said,  is  a  bad  conductor,  and  cools  m 
body  slowly.     If,  however,  by  any  means  the  particles 
which  are  heated  be  removed,  and  others  made  to  sup- 
ply   their    place,    the  cooling    goes  on  more  quickly. 
Hence  the  effect  of  wind  in  accelerating  it ;  a  substance 
being  much  sooner  cooled  during  a  breeze  than  when  the 
air  is  calm,  as  is  well  exemplified  in  our  own  persons,  a 
windy  day  always  feeling  colder  than  a  calm  one,  though 
of  the  same  temperature,  because  the  wind  carries  off  the 
warmer  particles  of  air,  and  supplies  others,  which  also 
deprive  us  of  heat ;   whereas,  in  a  calm  atmosphere,  the 
air  that  has  taken  heat  from  us  is  retained  in  a  great 
measure  among  our  clothes.     Hence   it   is,   also,   that 
when  carried  quickly  through  the  atmosphere,  we  feel  so 
cold,  as  when  driving  in  a  gig,  the  air  with  which  we  are 
constantly  brought  into  contact  depriving  us  of  beat. 
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^»«  j^  «.JMM<CH#  J»  4  iMWis  of  Supplying  thm 

^^  i^kkiM  ihdA  «  tfask  of  water  ooolt  four 

^  ^    j^  4»  A  )MM«r«ftC«  9l«Mdj  breeze,  as  in  a  calm 

■^^^^wvi».  ^4\  uttwA  4^  AkU  when  the  breeze  is  strong, 

.^1^^^  u»K^  Jis'  %(ttick  itt  a  hurricane. 

^J^lu    ViK  ii^w  NhW  said,  it  is  evident  that  the 
c  VM  V  sViKiucci^a  and  radiation,  must  be  materi- 
^^  i^^Mv^"^^  ^>  ^tt^^'viil  circumstances.     A  body,  which 
V  -M**.^  •*^^  *•**  *'**'***  ^y  ^^^  former,  may  therefore,  at 
^^^.V'.*  \*^^'  ^^  ***^^  ^y  **  '*"^-     Thus,  a  substance 
hJ^X  '*tvi*i  ^tii^  Mimv  of  its  surface,  parts  with  most 
,^^1^^^.  ^^  i^iiHiHMi  whMi  placed  in  air,  loses  the  whole  by 
xV«Kt^A«<^  %^vH»  nMr^ounded  by  a  fluid.     On  the  other 
Vmk^   «  ^^^"^  ^  '^'^  radiates  well  gives  off  most  of  its 
V>A«  ^  ^^*^^  ^^^  ^hca  suspended  in  a  calm  atmosphere, 
>^%  >ikSH^  vv\)HiM.Hit  lo  wind,  it  may  lose  most  by  the  other, 
%V  ^4\hI  u\4  iu  ih^  smallest  degree  affecting  the  radia- 
^^^  ^^t^  ^\  \^4Mrryiiig  off  the  particles  of  heated  air,  and 
^^^^^  ^hvA-%  accelerating  the  loss  by  conduction. 
)^\\'^  ^ V^AiH  i^  «dr  remains  ealm,  the  heat  given  out  in 
\^>«^  >^A>^  ^^"^  ^^^y  ^c^fdi^S  ^^  ^^  difference  of  tem< 
*,^i^»»v  K*>^cvu  that  of  the  body  and  the  surrounding 
vk^«xl«\iMK      4"**^*^  ^'  ^^^  temperature  be  little  above  that 
4  \^\^  m^AtauMK  tVw  currents  of  air  will  be  induced,  and 
Ui^  v^Kaiv  ^*U  P***  off  by  conduction;  whereas,  when 
ilW  ^lUlHv^H^  i*  gi'i^tt    the  currents  will  be  more  rapid, 
%\  ihAt  1^  tt^VAl  vWal  may  be  lost  in  this  manner,  the  hot 
v^Kl^\  *  M^M4  \K4wlaull  V  exposed  to  a  stream  of  cold  air. 

\\  H.a  Khm  kHH'»  ^i««  ^f  ^^^  cooling,  applies  equally  to 
iK#  K\N\i*Ui|  \^  iHHlliMK  for  those  which  give  out  much 
Kv^i  ^\  \«iKlM*MiU^  mi  as  to  cool  quickly,  receive  it  easily, 
V  ih*^i  ^^v\\  tivv  m,^^\  heated  ;  while  those  which  radiate 
UuK,  \s\ffi\^  ^^  ^"^y^^  and  are  slowly  warmed.  On  the 
..kKvh'  HhuU.  lhMs*»  whloh  cool  quickly  by  giving  out 
.  aKv^u  H\  v^imlu^tiWi  tako  it  in  quickly  in  the  same  way, 
J*vt  %vv  "^^H^  k**^*^'  >   ^'^*'®  ^^^•^  which  conduct  slowly 

^\v^  vK*  *ioU  low   stated  concerning  the  commu« 
.vxaUv^u  s^  »^U  WW*  «f  ^^^  circumstances  that  influ- 
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cDce   the  heating  and  oooting  of  bodiea,  many  Useful 
practieal  obserrations  may  be  drawn.     Water  continues 
much   longer  warm  in  a  resplendent  than  in  a  black* 
ened  vessel.     Hence  metallic  ones,  with  their  surfaces 
polished,  are  often  employed  for  holding  warm   wateVf 
whm  we  wish  it  to  retain  its  heat  for  some  time.     It  is 
a  common  remark,  that  tea  is  more  easily  infused  in  a 
silver  than  in  an  earthen  tea-pot,   which  was  at  one  time 
supposed  to  be  owing  to  some  property  of  the  metal  itself, 
but  which  is  now  accounted  for  by  the  laws  of  radiation, 
the  bright  metallic  surface  giving  forth  fewer  rays  than 
the  other,  and  of  course,  cooling  the  water  less  slowly. 
A  metal  is,  howev^,  a  good  conductor ;  it  is  of  advan- 
tage, therefore,  to  have  not  only  a  bad  radiator,  but  also 
a  bad  conductor,  that  the  heat  given  off  from  the  surface 
by  radiation  may  be  slowly  supplied  from  the  interior. 
Hence  the  frequent  use  of  earthen  ware  covered  with  me- 
tallic matter,  for  holding  warm  fluids,   as  for  jugs  and 
tea-pots,   the  earthen  ware  being  a  bad  conductor,  and, 
by  having  its  surface  resplendent,  becoming  also  a  bad 
radiator,   by  which  little  heat  is  evolved. 

When,  on  the  contrary,  we  wish  to  cool  a  fluid  quidu 
ly,  it  most  be  put  into  a  vessel  which  is  a  good  oonductai^ 
as  a  metallic  one,  and  with  its  surface  blackened,  to  make 
it  a  good  radiator.  In  conveying  heated  air,  or  steaii^ 
from  <ine  place  to  another,  with  the  view  of  heating  apart- 
ments, the  tube  ought  to  be  made  of  bright  metal,  as 
tinned  iron,  that  there  may  be  little  heat  lost  before  the 
air  reaches  the  place  to  be  wwmed.  When»  on  the  cofr- 
trary,  the  steam  is  to  be  condensed,  the  tubes  ought  to  be 
made  of  blackened  metal,  as  sheet  iron,  so  that  a  great 
deal  of  caloric  may  be  givoi  o£^  both  by  radiation  and 
by  conduction. 

When  we  have  to  guard  a  body  from  heat,  we  cannot 
employ  a  better  protector,  than  a  plate  of  bright  metal. 
Thus,  in  erecting  a  stove  near  wood^work,  the  latter 
ought  to  have  a  sheet  of  tinned  iron  placed  near  it,  but 
not  in  contact  with  it,  by  which  the  greater  part  of  the 
rays  sent  off  from  the  stove  are  reflected.    Should  the 
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the  same.     It  was  found  also,  that  though  the  thermo- 
meter on  the  ground  was  acquiring  hoar-frost  on  its  bulb, 
its  temperature  was  considerably  lower  than  that  of  the 
other,   and  on  which  there  was  no  hoar-frost.     Now  this 
is  the  reverse  of  what  should  have  happened ;  the  wa- 
tery vapour,  during  its  conversion  into  boar-frost,  ought 
to  have  raised  the  thermometer ;  it  appeared,  therefore, 
to  be  a  deviation  from  the  general  law.     It  has  now, 
however,  been  proved  by  most  satisfactory  experiments, 
that  this  is  not  the  case.     By  Dr  Wilson,  the  cold  was 
considered  the  conseqtience  of  the  deposition.     Dr  Wells 
has,    however,  shewn  that  it  precedes,  and  is  therefore 
the  cause  of  it     (Wells  on  Dew.)     During  a  calm  and 
clear  night,   a  thermometer  on  the  ground  will  be  12 
degrees  lower  than  one  hung  in  the  air,  and  which  is  oc- 
casioned by  the  earth  radiating  calorie,  which  passes  off 
into  the  heavens ;  as  there  is  nothing  to  return  heat,  its 
tanperatiure,  and  consequently  that  of  the  instrument  on 
it,  sinks.     But  if  the  sky  be  cloudy,   or  if  a  screen  be 
placed  over  the  thermometer,  the  cooling  effect  does  not 
go  on ;  because,  though  the  earth  is  radiating  as  before, 
it  receives  rays  from  the  clouds  or  screen,  to  compensate 
for  the  loss.     When,  then,  the  air  is  calm,  and  the  heavens 
unobscured,   cold  is  produced,  and  hoar-frost,   or  deWy 
is  deposited,   the  earth  cooling  the  air  in  contact  with  it, 
and  thus  depriving  it  of  the  power  of  holding  the  watery 
vapour  in  solution ;  the  cold,   therefore,  invariably  prv- 
xedeSy   and  is  not,  as  was  originally  supposed^  the  con- 
sequence of  the  deposition. 

Those  bodies  that  radiate  most  powerfully,  as  grass, 
twigs,  cotton,  and  woollen  cloth,  become  coldest,  and  on 
them  hoar-frost  is  deposited ;   while  on  resplendent  sur- 
faces, as  there  is  little  radiation,   there  is  scarcely  any 
deposition.     Dr  Wells  has  also  ^shewn  that  the  same  ob- 
jects,  when  of  different  colours,  produce  different  effects 
on  a  thermometer  placed  on  them.     Thus,   a  pieoe  of 
black  cloth  caused  the  temperature  to  fall  much  more 
than  one  of  a  light  colour,  the  former  giving  forth  most 
radiations.     It  is  on  this  principle  that  we  can  explain. 
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tions,  the  snow  being  a  bad  radiator,  losing  little  heat  in 
this  way. 

The  preceding  remarks  with  regard  to  radiation,  ap- 
ply to  the  emanation  from  loarm  objects.  Fictet,  when 
performing  experiments  on  this  subject,  discovered  a 
very  curious  fact  with  respect  to  cold  bodies.  These,  he 
found,  when  placed  near  the  mirror,  produced  an  oppo- 
site effect  on  a  thermometer,  and  the  reduction  of  tenu 
perature  was  in  the  ratio  of  that  of  the  cold  substance. 
This  has  been  called  radiation  qfcold,  being  at  one  time 
supposed  that  frigorific  particles  were  actually  given  off 
to  affect  the  thermometer.  It  is  to  be  considered,  how- 
ever, merely  as  a  case  of  radiation  of  heat,  the  thermo- 
meter now  being  the  radiating  body,  and  as  it  receives 
little  or  no  caloric  in  return,  its  temperature  sinksb 

The  effect  of  a  cold  body,  in  reducing  the  temperature 
of  a  thermometer,  is  shewn  by  placing  a  flask  of  ice  at  A, 
the  ball  of  a  differential  being  in  the  focus  at  K,  (see  cut, 
page  37.)  In  this  case  the  fluid  instantly  begins  to  rise. 
If  muriatic  acid  be  poured  into  the  flask,  a  greater  degree 
of  cold  is  produced,  and  the  thermometer  again  begins  to 
ascend. 

Wc  are  indebted  to  Leslie,  (Inquiry  into  the  nature 
of  Heat,)  and  Count  Rumford,  (Essays,)  for  our  know- 
ledge of  the  different  facts  concerning  the  effects  of  cold 
bodies.  According  to  them,  the  radiations  are  regulated 
by  the  same  laws  as  when  warm  objects  are  used,  with 
regard  to  distance,  difference  of  temperature  between 
the  cold  substance  and  circumambient  medium,  and  sur- 
face. Leslie  found,  that  when  the  cubical  jar  used  for 
the  radiation  of  caloric  was  filled  with  ice,  the  cooling 
effect  was  least  from  the  metallic  side,  greater  from  the 
glass,  but  much  more  so  by  the  blackened  one.  This 
is  also  easily  shewn  by  smoking  the  flask  containing  the 
mixture  of  ice  and  acid.  The  moment  it  is  put  near  the 
mirror,  the  thermometer  will  be  found  to  indicate  a 
much  greater  degree  of  cold  than  before.  The  same 
was  also  the  case  with  the  reflecting  surface ;  a  bright 
metallic  one  reflecting  most,  while  a  glass  or  blackened 
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one  reflected  very  little.  Thus,  if  the  gilded  ball  of  a 
differential  be  put  in  the  focus,  the  reduction  of  tempe- 
rature  is  slight,  whereas,  when  the  blackened  one  i» 
used,  it  is  much  greater,  consequently,  the  radiating 
and  reflecting  powers  are  inversely  to  each  other;  those 
which  are  good  radiators  are  bad  reflectors,  and  bad  ra- 
diators are  good  reflectors.  The  effect  of  screens  be- 
tween the  thermometer  and  the  cold  body,  is  also  pre- 
cisely the  same  as  with  warm  objects.  All  of  these  fact» 
still  farther  prove,  that  we  are  to  consider  this  as  merely 
radiation  of  heat. 

Leslie  has  shewn  that  the  heating  and  cooling  effect 
is  the  same,  provided  the  bodies  be  at  temperatures  equi- 
distant from  that  of  the  surrounding  medium.  Having 
filled  a  vessel  with  water  at  140,  when  the  atmosphere 
was  70,  he  placed  a  thermometer  near  it,  by  which  it  rose 
10.  He  afterwards  filled  the  same  vessel  with  a  mixture 
at  0,  and  the  instrument  sank  10  •  Rumford  proved  the 
same  fact  in  another  way.  He  filled  two  similar  vessels, 
one  with  warm,  the  other  with  cold  water,  each  at  a  tem- 
perature equidistant  from  that  of  the  atmosphere,  and  on 
placing  a  thermometer  in  the  centre  between  them,  it  was 
not  in  the  slightest  degree  affected. 

The  radiation  of  cold,  as  it  is  commonly  called,  is 
most  easily  explained  on  the  principle  laid  down  by  Fre- 
vost,  that  all  objects^  even  though  of  the  same  tempera- 
ture, are  constantly  radiating  caloric,  and  consequently, 
when  one  sends  forth  more  than  it  receives,  its  tempera- 
ture sinks.  When,  then,  the  flaijc  of  snow  is  placed  near 
one  of  the  mirrors,  both  it  and  the  thermometer  in  the 
focus  of  the  other  are  throwing  off  radiations,  but  as  the 
latter  emits  more  than  it  acquires  from  the  former,  it  in- 
dicates cold.  On  reducing  still  farther  the  temperature 
of  the  ice,  it  of  course  gives  off  fewer  rays,  so  that  the 
instrument  now  indicates  a  still  greater  cold ;  and  the 
same  also  is  occasioned  by  smoking  the  surface  of  the 
flask,  by  which,  though  it  makes  it  a  better  radiator,  it 
at  the  same  time  causes  it  to  become  a  more  powerful  re- 
cipient of  the  calorific  emanations ;  and  as  the  rays  are 
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in  greater  quantity  from  the  thermometer  than  from 
the  flask,  we  can  easily  conceive  why,  by  increasing  the 
absorbing  power  of  the  latter,  the  temperature  of  the 
former  should  be  more  and  more  reduced. 

BZI^TITE  QnANTITT  OF  CaLOBIC  IN  BODIES. 

It  bas  been  already  mentioned,  that  caloric  has  a  ten- 
dency to  pass  from  one  body  to  another,  till  all  become  of 
the  same  temperature ;  we  are  not,  however,  to  infer  from 
tliis,  that  they  contain  the  sane  quantity.  Thus,  if  we 
take  10  pounds  of  water,  and  divide  it  into  two  parts,  one 
ocmtaining  9^  the  other  1  pound,  on  applying  a  thermo- 
meter,  they  will  be  found  of  the  same  temperature ;  it  is 
evident,  however,  that  the  caloric  in  them  must  be  diffe- 
rent ;  the  one  must  have  just  nine  times  as  much  as  the 
other.  Different  quantities  of  the  same  matter,  then,  have 
different' quantities  qfcahric.  The  same,  we  shall Jind^  is 
ike  case  with  equal  quantities  of  different  bodies  ;  and  that 
it  is  so,  can  be  proved  also  by  experiment,  as  by  mixing 
them  at  different  temperatures.  If  they  produce  by  their 
anion  a  mean  temperature,  we  must  infer  that  the  caloric 
in  each  is  the  same ;  because  that  taken  from  the  one, 
and  transferred  to  the  other,  has  lowered  it  as  many  de« 
grees  as  it  has  raised  the  other ;  but  this  is  very  rarely 
the  case, — the  temperature  is  either  above  or  below  the 
mean.  Thus,  if  equal  weights  of  warm  mercury  and 
eold  water  be  mixed  in  a 
jar  A,  they  do  not  pro- 
duce a  mean  heat;  it  is 
fur  below  it.  Suppose  that 
the  temperature  of  the 
mercury  is  156,  and  of  the 
water  40,  that  of  the  mix- 
ture is  not  the  mean  d8, 
it  is  only  44,  so  that  the  mercury  has  lost  IIS,  but  the 
water  has  gained  only  4.  Again,  if  equal  weights  of 
warm  water  and  cold  mercury  be  mixed,  the  resulting 
beat  is  above  the  mean.  Suppose,  as  before,  that  the 
water  is  166,  the  mercury  40,  the.  temperature  of  the 
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mixture  is  not  the  mean  98,  it  is  152.     In  this  instance, 
the  water  has  lost  only  4,  but  the  mercury  has  gained  on 
less  than  IIS.     In  these  experiments,  then,  the  caloric 
which  has  raised  or  depressed  the  temperature  of  the  mer- 
cury 112  degrees,  has  affected  that  of  the  water  only  4,  or 
l.S8th  part.  Hence,  the  latter  requires  28  times  as  much 
as  the  former,  to  bring  it  to  the  same  height ;  and  if  so, 
it  must  contain  28  times  as  much.      That  the  caloric  in 
bodies  is  different,  is  proved  aslo 
by   adding   equal    quantities   to 
the  same  weights  of  them ;  and 
for  this  purpose,  we  have  merely 
to  use  always  the  same  measure 
of  boiling  water,    provided  this 
does  not  act  chemically  on  the 
substance    to  which  it  is  to  be 
added.  On  the  addition  of  a  mea- 
sure of  warm  water  to  the  jar  W,  containing  a  pound  of 
water  at  50,  the  temperature  will  rise,  say  10  degrees. 
On  adding  a  similar  measure  to  O,  having  a  pound  of 
sperm  oil,  it  will  rise  20 ;  and  the  same  addition  to  6,  in 
which  there  is  a  pound  of  powdered  glass,  will  cause  a  rise 
of  50.    Here,  then,  equsd  quantities  of  caloric  added  to 
water,  oil,  and  glass,    have  raised  the  temperature  of 
the  first  10,  of  the  second  20,  and  of  the  third  50  de- 
grees.    If  we  wished  to  raise  them  all  the  same  number, 
say  50,  it  is  evident  that  we  must  add  twice  and  a  half 
as  much  to  the  oil,  and  five  times  as  much  to  the  water 
as  to  the  glass.     If  so,  oil  must  contain  twice  and  a  half 
as  much,  and  water  five  times  as  much,  as  glass ;  the 
quantities  of  caloric  in  them  are,  therefore,   as  glass  10, 
oil  25,  water  50 ;  or,  taking  water  as  the  standard,  and 
calling  it  1000,  they  are  water  1000,  oil  500,  glass  200. 
The  same  is  the  case  with  all  other  substances,  the  caloric 
necessary  to  raise  their  temperature  to  the  same  height, 
varying  in  almost  every  different  instance ;  hence  they 
arc  said  to  have  different  capacities  for  it,  (Bladen's  Lec- 
tures.)    By  the  term  capacity  for  caloric,  then,  is  meant, 
the  power  which  bodies  have  of  receiving  it,  by  which 
their  temperature  is  to  be  affected,  some  more  than  others. 
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Tkecabric  thus  retainedy  has  been  catted  specific  caloric. 
It  is  necessary  that  we  be  particular,  in  drawing  the  dis- 
tinction between  these  terms.  By  capacity  is  meant,  the 
power  which  bodies  have  of  receiving  caloric,*— by  spe- 
cific caloric  is  understood,  that  retained  by  the  capacity. 
Temperature,  on  the  other  hand,  denotes  the  e£Fect  pro- 
duced on  a  thermometer,  by  the  heat,  retained  by  the  ca- 
pacity. 

Differeni  methods  have  heen  recommended^Jbr  ascertain- 
ing ike  capacity  of  bodies  Jbr  caloric.  Perhaps,  the  best 
is  that  already  mentioned,  mixing  them  at  different  tem- 
peratures, and  ascertaining  the  heat  of  the  mixture;  pro- 
vided there  is  no  chemical  action  between  them.  Thus, 
suppose  a  pound  of  water  at  100,  be  mixed  with  a 
pound  of  oil  at  40,  the  resulting  heat  will  be  80,  that 
is,  the  water  will  lose  20,  but  the  oil  will  gain  40; 
again,  if  a  pound  of  oil  at  lOO^  be  mixed  with  a  pound 
of  water  at  40,  the  heat  of  the  mixture  will  be  60. 
Here  the  oil  has  lost  40,  but  the  water  has  gained 
only  20.  In  both  of  these  experiments,  then,  a  quan- 
tity of  heat,  which  has  affected  the  temperature  of 
the  water  20,  has  affected  that  of  the  oil  40;  so 
diat  if  it  is  wished  to  raise,  or  reduce  both  40,  twice 
as  nach  caloric  mast  be  taken  from  or  added  to  the 
water,  as  to  the  oil;  it  is  said  therefore  to  have  double  the 
capacity,  of  course  twice  the  specific  caloric,  that  the  oil 
has. 

When  the  substance,  the  specific  heat  of  which  we  wish 
to  find,  acts  with  water,  some  other  body,  as  powdered 
glass,  must  be  used.  Its  capacity  compared  to  it  may  be 
found,  and  from  it,  it  may  be  referred  to  water.  It  is 
necessary,  in  performing  these  experiments,  that  due  at- 
tention be  paid  to  the  vessels,  to  have  them  as  much  alike 
as  possible,  and  the  different  circumstances  which  influ- 
ence the  heating  and  cooling  of  bodies  must  also  be  at- 
tendedto. 

Other  methods  have  been  practised,  for  finding  capa- 
city. That  followed  by  Wikke,  is  on  the  same  prin- 
ciple as  the  one  described.    He  bnmght  the  body,  sup- 
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pose  a  piece  of  iron,  to  the  heat  of  boiling  water,  by 
suspending  it  in  it  for  some  time.  It  was  next  put  into  a 
vessel  containing  its  own  weight  of  water,  at  S2,  and  when 
the  equilibrium  was  established,  the  temperature  was 
taken.  The  capacity  was  inferred,  by  knowing  the  num- 
ber of  degrees  lost  by  the  one,  and  gained  by  the  other ; 
it  being  inversely  as  the  effect  on  each. 

Lavoisier  and  Laplace,  in  their  experiments,  employed 
the  calorimeter,  (see  page  SI.)  To  find  the  capacity  of 
a  solid,  it  was  put  into  the  inner  cage ;  fluids  were  put 
into  a  flask,  and  suspended  in  the  cage.  According  to 
the  ice  melted,  they  inferred  the  capacity,  which  they  sup- 
posed to  be  just  as  the  quantity  of  water  obtained. 
Thus,  if  a  pound  of  water,  in  cooling  from  212  to  82, 
liquefied  a  certain  quantity  of  ice,  and  the  same  weight 
of  oil,  at  a  similar  temperature,  only  half  the  quanti- 
ty, then  the  capacity,  or  the  specific  heat  of  the  latter, 
is  only  half  of  that  of  the  former.  This  method  is  appa- 
rently free  from  objection,  but  it  has  been  already  men- 
tioned, that  we  cannot  place  any  confidence  in  the  in- 
strument, the  whole  of  the  water  formed  not  being  pro- 
cured. 

The  preceding  experiments  apply  to  solids  and  fluids 
only.  The  methods  of  ascertaining  the  capacity  of  gases, 
are  far  from  being  accurate,  and  there  are  great  difficul- 
ties attending  the  performance  of  them. 

It  will  be  afterwards  shewn,  that  when  gases  are  sud- 
denly rarefied,  their  capacity  is  increased ;  and  when,  on 
the  contrary,  they  are  condensed,  it  is  diminished,  so 
that  heat  is  taken  in,  in  the  former,  and  given  out  in  the 
latter  instance.  Mr  Leslie  has  availed  himself  of  this,  in 
trying  the  capacity  of  gases.  For  this  purpose,  hav- 
ing placed  a  delicate  thermometer  in  the  receiver  of  an 
air  pump,  part  of  the  air  is  withdrawn,  by  which  the  tem- 
perature falls,  but  time  is  given  for  it  to  come  to  what 
it  was  before.  When  this  has  happened,  the  stop-cock  is 
opened,  and  air  allowed  to  rush  in,  by  which  that  in  the 
receiver  is  condensed,  heat  is  given  out,  and  the  ther- 
mometer rises.    To  ascertain  the  capacity  of  gases,  by 
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mttaching  bladders  with  them  to  the  stop-cock,  they  are 
allowed  to  rush  in  to  the  partially  exhausted  receiver, 
by  which  the  air  in  it  is  condensed,  and  the  same  quan- 
tity of  caloric,  it  is  supposed,  will  be  disengaged;  but 
as  the  gases  themselves  may  take  in  different  quantities, 
the  effect  on  the  thermometer  will  be  different ;  that 
which  requires  the  most,  will  have  its  temperature,  and 
consequently  that  of  the  thermometer,  least  elevated.  The 
capacity  is  therefore  inferred  to  be  inversely  as  the  rise  of 
temperature. 

Thus,  suppose,  when  air  is  admitted,  the  rise  is  10, 
on  the  introduction  of  another  gas  B,  it  is  20,  and  of  a 
third,  C,  40 ;  then  the  capacity  of  air  being  considered 
1000,  that  of  B  is  600,  and  of  C  260,  because  as  the 
same  heat  added  to  these,  has  affected  their  temperatures, 
as  10,  20,  and  40,  if  we  wished  to  raise  them  all  the 
same  numbers,  we  should  require  to  add  only  half  as 
such  to  B,  and  a  fourth  as  much  to  C,  as  to  air.  B 
would  therefore  contain  half  as  much,  and  C  a  fourth  as 
much,  in  other  words,  have  half,  and  a  fourth,  of  the  can 
padty  of  air.  The  principle  of  this  method  is  the  same  as 
diat  already  mentioned,  of  adding  equal  quantities  of 
heat  to  bodies,  as  in  the  experiment  with  water,  oil,  and 
kad.  The  results,  however,  do  not  always  agree,  which 
would  lead  us  to  suppose  that  there  is  some  source  of 
error,  of  which  we  are  not  aware. 

X^avoisier  and  Laplace,  in  finding  the  capacity  of  gases, 
CBOBed  them  to  pass  through  spiral  tubes  fixed  in  the 
middle  vessel  of  a  calorimeter,  and  having  a  thermometer 
at  each  end  of  the  tube,  to  ascertain  the  temperature 
of  the  gas,  as  it  entered  and  came  out.  According  to 
die  ice  melted,  so  is  their  capacity. 

By  these  different  methods,  the  capacity  of  different  bo- 
dies, and  of  course  their  specific  caloric,  has  been  ascer- 
Uaned.  It  must  not  however  be  supposed,  that  when  the 
term,  specific  caloric,  is  used,  it  is  meant  to  denote  the 
actual  quantiiff  in  a  body.  Experiments  go  no  farther 
than  to  find  the  quantity  in  one,  con^forcd  mih  that  in 
anoAer.    It  is  necessary,  therefore,  to  have  some  sub- 


66  CALORIC. 

stance  as  a  standard,  and  to  which  all  others  can  be 
referred  And  for  this  purpose,  water  has  been  fixed  on  for 
solids  and  fluids,  and  air  for  gases,  and  called  1000.  If, 
then,  the  capacity  of  any  solid  or  fluid  be  2000,  it  means 
that,  weight  for  weight,  it  will  require  twice  as  much 
to  raise  its  temperature  to  the  same  height  as  water 
does. — For  the  capacities  of  different  bodies^  see  Appendix. 

In  referring  to  that  table,  the  numbers  must  be  con- 
sidered as  pointing  out  the  relative  quantities  of  caloric, 
and,  of  course,  the  efiect  that  equal  additions  would 
produce.  Thus,  the  capacity  of  water  being  1000,  that 
of  mercury  is  28,  by  which  we  are  informed,  that  at 
any  temperature,  the  caloric  in  water  being  taken  as  1000, 
that  in  mercury  at  the  same  is  only  28.  Hence,  we  are 
also  informed,  that  if  equal  quantities  were  added  to 
them,  the  rise  would  be  inversely  as  1000  to  28,  that 
is,  1  to  86 ;  consequently,  if  we  wish  to  raise  them  to 
the  same  degree,  we  must  add  36  times  as  much  to  the 
water  as  to  the  mercury,  and  hence  the  principal  practi- 
cal application  of  a  knowledge  of  the  capacity  of  dif- 
ferent bodies. 

By  the  methods  already  described,  the  capacity  of  bo- 
dies has  been  ascertained,  of  course  at  the  temperatures  at 
which  the  experiments  have  been  performed.  Are  we, 
however,  from  this  to  infer,  that  it  is  the  same  at 
any  other  temperature  ?  It  is  well  known  that  the  ca- 
pacity of  a  body  in  the  solid  and  fluid  form  is  dif- 
ferent, but  will  equal  additions  of  caloric  raise  its  tem- 
perature, when  in  the  same  state,  an  equal  number  of 
degrees  at  any  part  of  the  thermometric  scale  ?  Though 
some  have  supposed  that  this  is  the  case,  yet  there  are 
strong  arguments  in  favour  of  an  opposite  opinion.  It 
is  well  known,  that  when  by  any  means  we  condense  a 
body,  its  capacity  is  diminished,  and  on  the  contrary, 
when  it  is  enlarged,  it  is  increased.  From  this,  then,  we 
ought  to  infer,  that  at  high  temperatures,  at  which  a 
body  is  in  a  state  of  great  expansion,  the  capacity  is 
much  greater  than  when  by  the  loss  of  caloric  it  has  been 
contracted.     The  experiments  of  Dulong  and  Petit  (Ann. 
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of  Pbil.  xii.)  support  this  opinion.  They  found  the  spe- 
cific heat  of  a  substance  to  increase  with  the  tempernr 
ture.     Thus>  that  of  iron,  between 

8«  and  212  is  1098  '^^^ 

8«  and  892      1150  •'' 

82  and  572     1218  » 
82  and  658      1255 

The  same,  they  found,  was  the  case  with  meircairji^ 
zinc,  antimony,  silver,  copper,  and  glass.  That  of  [4%- 
tinum  did  not  vary  in  the  range  of  temperature,  at  whiffh 
the  experiments  were  performed  ;  from  82  to  672. 

From  what  has  now  been  said,  it  is  evident  that  tem- 
perature may  be  changed  in  two  ways ;  either  by  the  ad- 
dition or  abstraction  of  caloric,  or  by  the  alteration  of 
capacity.  Thus,  if  by  any  means  the  capacity  of  a  body 
is  enlarged,  it  requires  less  caloric  than  before,  to  keep 
it  at  the  same  degree;  part  must  therefore  be  disen- 
gaged, but  the  moment  that  this  is  set  free,  it  raises  tl^e 
temperature.  On  the  contrary,  when  by  any  means  tl^e 
capacity  is  increased,  it  requires  more  heat;  if  this  be 
not  supplied,  it  must  take  it  from  itself,  and  hence  its 
temperature  sinks. 

Many  curious  and  important  phenomena  are  explain- 
ed by  the  doctrine  of  capacity.  Irvine  has  endeavour- 
ed by  it  to  account  for  the  generation  of  heat  and. cold 
during  chemical  actions ;  and  Crawford  has  applied  it  to 
the  explanation  of  that  power,  by  which  animals  are  en- 
abled to  keep  their  temperature  above  that  of  the  sur- 
rounding medium.  It  will  be  afterwards  shewn,  tliat 
during  liquefaction  and  evaporation,  cold  is  produced, 
and  this  is  also  supposed  to  be  owing  to  a  change  of  ca- 
pacity, which  ensues  on  the  alteration  of  form  that  the 
bodies  experience,  (see  Lique/action,  Evaporation^  ^c,J 

Liquefaction. 

It  has  been  already  proved,  that  as  a  body  receives 
heaty  it  is  enlarged.  In  continuing  its  application,  it 
continues  to  expand  till  it  arrives  at  a  certain  tempera- 
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ture,  when  a  change  of  a  different  nature  ensues.  It 
now  becomes  liquid,  and  it  is  said  to  be  melted^  liquefied^ 
or  fusedj  and  the  change  is  called  ykvion  or  liquefaction^ 
which  is  the  second  general  effect  of  caloric.  On  the 
contrary,  when  heat  is  withdrawn  from  a  fluid,  it  con- 
tracts, and  continues  to  do  so,  till  at  a  certain  temperor- 
ture  it  becomes  solid,  and  it  is  then  said  to  be  Jrozen  or 
congealed.  In  this  way  almost  every  solid  may  be 
made  fluid,  and  almost  every  fluid  solid ;  hence,  as  all 
fluids  at  a  natural  temperature  contain  heat,  and  as  by 
abstracting  it  we  can  make  them  congeal,  we  infer  that 
the  solid  is  the  natural  form  of  these  bodies.  Those 
which  cannot  be  liquefied  are  such  as  are  decompos- 
ed before  they  arrive  at  their  melting  point.  Thus  coal, 
when  heated,  is  decomposed,  and  new  products  are 
formed  by  its  elements  entering  into  a  different  state 
of  combination,  before  it  arrives  at  the  temperature  ne- 
cessary for  its  fusion.  On  the  contrary,  alcohol  and  a 
few  other  fluids  have  not  yet  been  congealed,  as  is  also  the 
case  with  some  gases ;  these,  however,  it  is  inferred,  would 
become  solid,  were  a  sufficient  quantity  of  caloric 
withdrawn  from  them.  So  that  the  solid  must  be  considered 
as  the  natural  fbrm  of  all  bodies* 

T%e  change  Jrom  solid  to  fluid,  occurs  at  a  certain 
temperature  in  each ;  thus,  ice  melts  at  3S,  sulphur  at 
S18 ;  every  other  substance  has  its  point  of  liquefaction 
fixed.  Some  by  the  addition  of  caloric  liquefy,  without 
going  through  any  gradation  from  hardness  to  fluidity, 
as  is  the  case  with  ice,  while  others,  as  tallow  and  wax, 
pass  through  different  degrees  of  consistence,  before  they 
become  fluid. 

Though  the  point  of  liquefaction  is  determinate,  yet 
by  uniting  substances  of  different  fusibility,  the  tempe- 
rature at  which  they  become  fluid  may  be  varied,  and 
many,  which  cannot  in  the  usual  way  be  made  fluid, 
may  be  fused  by  particular  contrivances,  as  has  been 
proved  by  the  experiments  of  Sir  J.  Hall,  (Ed.  Ph. 
Tr.)  Lime-stone,  which  is  a  compound  of  lime  and  car- 
bonic acid,  cannot  be  fused  by  heat,  because,  before  it 
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LUiv  «M>ther»  B,  some 
sOfttj  m  «4ich  let  there 
^-ivi.     thr  iidiling  to  these 
^«AiAUiiiiv*  s^'  ctduriC)  the  results 
^«a  X  ^^>  wl^tfe^VAkt     To  get  similar 
u^MpjutuvA  v^   s'ului ic%   we  have  only  to 
^^v  v^4u«U  uAv^aiVtt  of  a  substance  at 
k^*  ^44w  ivuipc*'H(ur\s  as  boiling  water, 
^^vti   tx  d|l^«\VM%   under  certain  circumstances,   at  the 
^^Mw  ^^i-     U*  H  lUi^sure  of  boiling  water  be  added  to 
UU'  \mU4  lu  ih^  jar  B|  the  temperature  is  affected,  as 
Ui  \tWMu  t»>   (hv  riNo  of  the  fluid  in  the  thermometer, 
^\  (%»   UK     Ou  adding  the  same  measure  to  the  ice  A, 
^u  ^4  iHi>  Utti'r  In  melted,  but  there  is  not  the  slightest 
iM^o  \U  Ivn^H'VAture;   the  thermometer  still  continues  at 
Mb      i  liv»  M\Kiitioii  of  another  measure  to  the  water  causes 
n  }i44svaiv«  \'lvv«ti(»ni  say  to  50,  but,  on  adding  it  to  the  ice, 
IkHU^  v4'  U  i^  uioltrd,  but  the  thermometer  still  stands 
Hi  ,iji     lu  (hiH  liiHtHnce,  then,  the  heat  has  been  absorbed 
^v   ii^  ^^"^v   t*^>^  ^^^  temperature  is  not  eleyated;    in- 
vUhhU  ^^  ^*  tHH'VHsary  to  continue  the  addition,  till  the 
«tu^  Mi'  ^(  iM  uieltcd.     If,  after  this,  we  still  throw  it  in, 
V)U^  V^4u|NHAturi»  begins  to  be  affected. 

A«  ui  ihU  «»H|H*riniont  caloric  is  absorbed  by  the  ice,  yet 
|hv  (vuii>viHlur«*  not  raised,  Dr  Black  said  that  it  be- 
VHUu^  kUffHii  aiul  hoticc  it  has  been  called  IcUent  heai^  to 
^l^i^uUh  il  fHnn  that  which  affects  the  temperature, 
a»Hl  %\\K\^  haH  biH'H  li^rmed  semible  heat. 

fVkf  *^^*¥*H  \»/'lhh  fmif/  be  eapectedf — that  when  a  sub- 
il«M\H»  I^MiMi  iViMii  fluid  to  solid,  it  should  give  forth 
VhK^As  wUh^uH  httving  its  temperature  lowered;  and 
iKaI  \%  U  viS  (^M«  bm^ii  proved  satisfactorily  with  water. 
W^^si  vviwtiH  oiw  wllh  ice^^ld  spirit 
vMT  li4w%  •%  WuiOw^r  with  ice-cold  water,  |-m      [Ua 

W.  »M<il  «*vh  hnvlnK  I*  thermometer    fZZ\ir      Ir^ 
W  \V  W  »^*W»  Iwlo  »  freezing  mix- 


^v\af  mU  m\  «M»w,  caloric  wiU    J^ 
V^  Ht^VH  «V^W  Mh  J    by  which  the 
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The  thermometer  in  the  spirit  will  sink,  say  to  0 ;  but 
that  in  the  water  will  still  remain  at  32.  Here,  then, 
heat  has  been  withdrawn  from  the  spirit,  so  as  to 
bring  it  down  to  0;  it  must  also  have  been  taken 
from  the  water,  yet  its  temperature  is  not  diminished. 
And  why  ?  because  the  water  being  brought  down  to 
its  freezing  point,  begins  to  congeal,  and,  during  its  con- 
gelation, must  give  forth  heat.  Thus,  then,  it  is  proved, 
that  a  substance,  in  passing  from  fluid  to  solid,  gives 
out  a  large  quantity  of  caloric,  but  the  loss  of  which 
does  not  in  the  least  diminish  its  temperature  ;  in  other 
words,  its  laUnt  heat  is  disengaged. 

Dr  Black  was  not  content  with  having  proved  the  gene- 
ral  law    of  the   absorption    and    evolution   of  caloriCf 
during  the  changes  of  form  mentioned ;  he  endeavoured 
to  find  the  actual  quantity,   or  rather  the  actual  num- 
ber of  degrees.     For  this  purpose  he  exposed  in  a  room^ 
die  temperature  of  which  was  47,  two  similar  flasks,  one 
with  ice  at  32,   the  other  with  the  same  weight  of  water 
at  33.     In  half  an  hour  the  latter  had  risen  to  40,  but  the 
ice,  though   part  was  melted,  still  continued  at  32,  and 
required   10^  hours  for  liquefaction,  at  the  expiry  of 
which   the   water   formed   was  also  raised  to  40.      Dr 
Black  here  estimated  the  quantity  that  entered  the  ice, 
by  comparing  with  it  that  which  the  water  had  acquir- 
ed during  the  first  half  hour,  and  which  was  7  degrees. 
This,  multiplied  by  21,  the  number  of  half  hours  the  ice 
took  in  liquefying,  gives  147,  but  from  this  there  must 
be  deducted  8,  or  that  which  had  raised  the  temperature 
from  32  to  40,  leaving  139 ;    so  that   as  much  caloric 
must  have  entered  the   ice  during  its  liquefaction,   as 
would  have  raised  a  similar  quantity  of  water  139  degrees. 
He  proved  also,  by  a  diflerent  set  of  experiments, 
that  the  same  was  given  out  during  congelation.     He 
put  594  drachms  of  ice  at  32,  into  67^  of  water  at  190, 
by  which  the  whole  of  the  former  was  liquefied,  and 
the  resulting  temperature  was  63,  which  was  of  course 
also  that  of  the  vessel  in  which  the  experiment  was  made, 
and  which  he  calculated  was  equivalent  to  4  drachms  of 
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^^vv     ^4^  iJw;u^  <^i  ^  water,  and  the  vessel  equal  to 
%,  u  vV  '^l^  1^*4  l*T  degrees,  which  was  transferred  to 
.iSk    \\v    wk!  sVtteaUvriug  its  proportion   to  the  water^ 
x**^"^^   .vv  Va^v^  r^in^  it  86,  but  it  rose  only  from  32  to 
V^  ^x   <t  V   ^  that   65  had  disappeared.     Now,  from 
^.^  ^a;iK«viKV  ^"twc^u  the  capacity  of  ice  and  wat^r,  and 
xvs%i«^>\««^  «W  tht^  difference  in  their  weight  in  this 
x^^^^UK^uix  ihv«kv'  ought  to  have  raised  the  latter  148,  and 
%N><^  IwhI  viUvmhhI  the  ice  during  liquefaction  ;  so  that 
^v  ^N>«viU  v4f  (hiy  agrees  very  nearly  with  the  former. 
\U'   U^u^(  hU^H  that  by  adding  a  certain  quantity  of 
^v  4^  :^^«  ^^*  water  at  176,  the  whole  was  liquefied,  and 
^\'  Wu«^iv44tuiv  i»f  the  fluid  was  S2 ;   in  other  words,  it 
^l  K^(  \kk  iU'gr«H*i«,  which  must  have  been  absorbed  by 
|h^'  ^^'^     l'\\»ui  thoite  and  other  experiments,  Dr  Black 
\^vu^  (^^   thv»  iHMiohuion,    that  as  much   caloric   enters 
^%\  \Uu*^^g  t^"  lii|Ui*faction,  as  would  elevate  the  tempera- 
^sivv  \^'  U^«  MUiio  (|uantity  of  water  about  140  degrees ; 
1\^U  ^K^i  Ouh  In  again  given  forth  when  the  water  is  cen- 

VHv  \v\|Hiviu)(*i^ts  of  other  Chemists  have  given  re< 
^U^  vUtH^^^^  f^ovn  this,  but  the  difference  is  so  trifling, 
^^^  vK^I  v4'  lUack  is  generally  considered  correct,  more 
MV^sv^Uv^V  AH  it  is  the  mean  of  the  others. 

\\  ^w^S  t^  ^^V^  ''^  mind,  that  the  caloric  which  en- 
lu^  Uv  sKuilMI  '^*  liquefaction,  is  said  to  be  as  much  as 
%vS^M  aWWI  OiP  tomiwraturc  of  an  equal  quantity  of  tea- 
Am  \  k\^  V\s^\\\  llt«-  ilifft^rcncc  of  capacity  between  ice  and 
%^HV^\  *^**  '^**^**  WiiuUl  raise  the  former  165,  their  capaci- 
W«  K^^^M^  H^HHUiliug  lo  Irvine,  as  9  to  10. 

\\  \^^^  (h'^^^^  pvovrdi  that  what  was  established  by 
\V  UW'Vi  with  ivgard  to  water,  holds  true  with  other 
W^V«  m  \\\\w  towwd  that  spermaceti,  during  lique- 
I^^Un^  ^\vi^ii»hhI  an  much  caloric  as  would  raise  the 
tjm^^MA'^'^'  ^Of  \\w  llnld  145,  and  that  tin  took  in  as 

^I^vK  <^v  *f  •^*'*'*'*'  ^*^  ^'*^  •^'*^*  ^°"^^  ^^^  ^^  ^^^' 

\\^^^  \^\^  WM^*^*'  experiments  on  the  subject,   which 

Jux^    \K«I  M  ikW»wit»»HWJi  in  passing  from  solid  to  liquid, 

w^^y  ^,^^  whivh  dtHJi  not  raise  their  temperature. 
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and  that,  in  passing  from  liquid  to  solid,  they  give  it  out, 
without  having  their  temperature  diminished. 

Difftreni  opinions  ham  been  entertained  with  reepect 
io  the  cause  of  this  absorption  and  evolution  of  heat.     Dr 
Black  imagined,  that  when  a  body  arrived  at  its  melting 
point,  it  absorbed  caloric,  by  which  it  was  made  to  as- 
same  the  fluid  form ;  the  absorption  thus  being  supposed 
to  be  the  cause  of  the  fluidity,  and  hence  has  originated 
the  idea,  that  caloric  exists  in  two  conditions,  in  a  free 
state,  or  uncombined,  and  afiecting  the  temperature,  and 
io  a  state  of  combination,  by  which  it  has  laid  aside 
its  ordinary  properties,  and  is  therefore  said  to  have  be- 
come latent     Dr  Irvine,  however,  did  not  allow  that  any 
of  it  becomes  latent.     He  supposed,  that  a  solid,  during 
its   conyersion   to  fluid,    suffers   an    increase   of  capa- 
city, it  must  therefore  require  more  beat  than  before  to 
keep  it  at  the  same  temperature,  consequently  it  absorbs 
it,  and  as  the  heat  taken  in  goes  to  satisfy  this  increased 
eipacity,  it  cannot  of  course  have  any  effect  on  the  ther- 
mometer.    If  this  opinion  be  correct,  the  absorption  is 
not  the  cause^  but  the  effect  of  the  liquefaction.  Again,  on 
withdrawing  caloric  from  a  fluid,  it  is  brought  to  its  point 
of  congelation,  and,  still  continuing  to  remove  it,  it  be- 
comes solid  ;  the  abstraction,  according  to  Black,  causing 
the  congelation ;  whereas,  according  to  Irvine,  the  mo- 
ment a  substance  is  brought  to  its  congealing  point,  it 
becomes  solid,  its  capacity  is  diminished,  it  requires  less 
heat  than  before,  part  of  it  must  therefore  be  disengag- 
ed, so  that  the  evolution  is  not  the  cause,  but  the  am- 
sequence  of  the  change  of  form. 

By  this  absorption  and  evolution  of  caloric^  many  im- 
portant phenomena  of  fiature,  and  the  changes  induced 
during  chemicai  action^  may  be  accomUedJbr,  When  heat 
is  applied  to  any  substance,  tallow,  for  instance,  it  is 
Tery  slowly  melted ;  and  though  we  continue  the  heat 
for  a  considerable  time,  there  may  some  of  it  still  remain 
woUd.  This  is  explained  by  the  absorption  of  caloric,  a 
large  quantity  of  which  must  be  added,  before  the  whole 
can  be  liquefied.    Hence  also  the  cause  of  the  time  requir- 
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i«\l  w  i*Ki\  OitittvtKisr^  «Mu»3es  of  ice,  or  collections  of  snow; 
U  ^<^  HH  tMv^vN  »l^v«sj^lrY>  that  the  state  of  the  weather 
^^  v»v^  .^  ^  ^^  their  temperature  to  the  melting 
)S><iu  .  .«  ^iv«4(  U^l  of  caloric  must  be  thrown  in,  other- 
^«^  ^^^  ><^^tl  ^^  biH^omc  fluid.  Were  it  not  for  this, 
N{ti>NAjtut  sMv^s\*«*  would  follow  the  liquefaction ;  but  as 
^llv^tW4k(  i^iJiv»wl^  absorbed,  they  are  gradually  melted, 
4^kHt  ()w  wAtcr  formed  is  thus  distributed  over  the  sur- 
llkvv  v4f  ihs^  )sU»b^  The  reverse  of  this  is  equally  bene- 
Hk^X  X  i^a*  iiiii  this  law  not  exist,  the  moment  that  the 
^«Aiv«  v4*  1^  Uko  in  cooled  to  its  freezing  point,  the  whole 
wovUvl  v^^tp'Hli  Hnd  prove  destructive  to  the  life  of  its 
iuKAUmut*  :  WhorcaH,  owing  to  the  necessary  ex trica- 
ma^  \4  i^\K^vU\  the  freezing  goes  on  slowly ;  besides, 
K^H^I  U  thuH  glvtu  out,  which,  in  no  small  degree,  les- 
«vu«  lh«*  lul^'imity   of  the    cold    that    would    otherwise 

\V\>  nrv  ihuM  nlso  enabled  to  account  for  the  produc- 
Ikm  \»f  iH»l(li  by  what  are  called  freezing  mixtures.  '  When 
Ik  «\>^Ul  ami  A  fluid,  or  two  solids,  act  on  each  other,  by 
wKWK  (hoy  become  fluid,  heat  must  be  absorbed,  to 
^uhUv  ihiMu  to  put  on  this  form ;  they  therefore  take  it 
tViUU  Muy  luidy  brought  in  contact  with  them.  Ice  and 
ttnlii  i\»i  iuNtiuuT,  when  mixed,  become  fluid,  and  pro- 
\Ul\H'  ^h4\Ii  both  of  them,  during  their  liquefaction,   ab- 

|lr  |lUi4  and  bin  followers  suppose  that  in  this  case 
ih^  «^b«lHnci«ii  iibfiorb  caloric,  and  become  fluid  ;  where-. 
iii«  m^^HHillug  to  Irvine,  they  first  become  fluid,  suffer 
HU  Iwh*^***  **f  ra|mcity,  and  then  absorb  heat. 

\\\  \\\^\\  und  others  have  shewn,  that  by  certain 
^^U«  ^  Hull!  «*tty  ^>**  cooled  below  the  freezing  point 
«Mh\m(  ^HmnvullhUi  hut  that,  if  by  any  means  we  cause 
W  \^  ^HW^^^^'  *l^**  •*•''*'  '*"'*'"'  ^^  instantly  rises  to  the  point 
v^  vs^Wh^*^''*^^'  •*•  '"  ^^'''  illustrated  in  the  solution 
\^»  «,*m^  yt  ^^^^  **'^"  '"  water.  If,  for  instance,  a 
4^4i  ^mH  ymt\y  ^  naturated  solution  of  glauber  salt  at  a 
V^M^^VV^  Kv*U  \^  iiurrtninded  by  saw-dust,  and  kept  there 
%\\H^I  iK^  pUnhUnt  agitation,  its  temperature  will  fall 
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to  that  of  the  surrounding  atmosphere,  but  without  de- 
positing any  crystals.  If,  however,  the  vessel  after  this 
be  shaken,  or  if  a  small  piece  of  the  salt  be  thrown  in, 
crystallization  instantly  commences,  and  the  temperaturd 
rises.  Now,  in  this  instance,  the  moment  that  the  changie 
of  form  commences,  heat  is  disengaged,  and  it  is  in  this 
way  that  the  rise  of  temperature  is  to  be  accounted  for, 
the  latent  caloric  becoming  sensible,  and  affecting  the 
thermometer. 

Advantage  has  been  taken  of  this  change  in  the  quan- 
tiiy  of  caloric^  to  determine  whether  it  is  possessed  of 
weight.  In  the  experiments  made  on  bodies  at  a  natu- 
ral temperature  and  at  a  red  heat,  owing  to  the  currents 
mduced  in  the  air  by  the  caloric  communicated  to  it  by 
the  warm  body,  the  arm  of  the  balance  was  made  to  move, 
and  hence  originated  the  difference  in  opinion  with  re- 
spect to  it,  some  asserting  that  it  had  no  weight,  while 
others  concluded  that  it  was  actually  possessed  of  levity, 
consequently,  when  added  to  a  body,  it  made  it  become 
lighter.  Thus,  if  a  ball  of  clay  at  a  natural  tempera- 
ture be  weighed,  after  bringing  it  to  a  red  heat,  it  ap.- 
pears  to  be  no  longer  equipoised,  because  the  currents  of 
warm  air  passing  up  from  it  make  the  arm  of  the  beam 
ascend.  Rumford  luckily  thought  of  settling  the  dispute, 
by  taking  objects  in  their  different  forms,  by  which  he 
had  equal  quantities  of  matter  at  the  same  temperature^ 
but  containing  very  different  quantities  of  caloric.  He 
took  similar  flasks,  containing  equal  weights  of  water, 
alcohol,  and  mercury  at  50.  He  attached  the  water  and 
the  mercury  to  the  opposite  ends  of  a  beam,  which 
was  8o  delicate  that  it  was  affected  by  a  change  in 
weight,  amounting  to  not  more  than  the  millionth  part  of 
that  with  which  it  was  loaded.  Having  placed  them  in 
A  room,  the  temperature  of  which  was  30,  the  water  was 
frozen  in  48  hours;  the  mercury  of  course  still  continued 
fluid,  but  there  was  no  difference  in  their  weight.  The 
same  was  afterwards  done  with  the  water  after  being 
again  melted,  and  the  alcohol ;  and  though  the  former  was 
again  frozen,  they  stifl  continued  equipoised.  Here,  then, 
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the  water,  owing  to  its  greater  capacity,  for  its  capi»^ 
city  to  that  of  mercury  is  S8  to  1,  must,  during  the 
reduction  of  temperature,  and  also  during  congelation, 
have  given  forth  a  mucb  greater  quantity  of  caloric  than 
the  others,  yet  there  was  no  sensible  difference  in  the 
weight.  Rumford,  therefore,  concluded,  that  if  caloric  is 
possessed  of  gravity,  all  attempts  to  discover  it  must  be 
fruitless,  as  it  is  not  su£Scient  to  affect  our  most  delicate 
instruments. 

Evaporation. 

By  applying  heat  to  a  fluid  it  expands,  and  continues 
doing  so  till  it  arrives  at  a  certain  temperature,  when  il 
undergoes  another  change ;  the  cohesion  among  its  par^ 
tides  is  so  far  overcome,  that  it  passes  into  the  state  of 
vapour ;  and  the  process  is  called  Evaporation,  which  is 
the  third  general  effect  of  caloric.  The  conversion  of  a 
fluid  into  vapour  is  well  illustrated  in  the  familiar  in* 
stance  of  boiling  water,  which,  when  heated  to  a  certain 
point,  is  converted  into  vapour,  or  steam.  The  agita* 
tion,  called  boiling,  is  owing  to  the  vapour  generated 
below,  rising  through  the  water  above  it.  If  the  heat 
be  continued  long  enough,  the  whole  of  the  fluid  is 
evaporated. 

This  process  must  be  distinguished  from  the  evapora- 
tion of  a  fluid,  when  exposed  in  an  open  vessel  at  a  na* 
tural  temperature.  Thus,  if  water  be  kept  exposed  to 
the  air,  it  slowly  disappears,  which  is  supposed  to  be 
owing  to  an  attraction  existing  between  the  air  and  the 
fluid,  by  which  it  is  held  in  solution  in  the  state  of 
vapour.  This  is  called  spontameous  evaporation,  and  wiU 
be  considered  when  treating  of  water. 

When  tee  teithdraw  heai  Jrom  vapours,  they  are  con* 
densed,  or  again  become JhM.  It  is  well  known,  that  if  a 
cold  object,  as  a  plate  of  metal,  be  .held  near  the  mouth 
of  a  tea-kettle  in  which  water  is  boiling,  it  is  instantly 
covered  with  moisture,  owing  to  the  condensation  of  the 
steam.     That  a  vapour  is  condensM  as  its  temperature 
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ftdlfl,  may  be  proved  in  another  way,  and  still  more  satis* 
fiictorily ;  but,  before  stating  the  experiment^  it  must  be 
pmnisedy  that  the  air  of  the  atmospherei  though  a  light 
floid,  yet,  from  its  great  bulk,  presses  on  the  surface  of 
the  eartb,  and  of  course,  on  all  other  objects,  with  a 
weight  of  15  lb.  on  the  square  inch;  and  which  pressure 
is  equal  to  that  of  a  column  of  mercury  of  80  inches,  or 
qf  water  of  about  8S  feet;  so  that  in  any  exhausted 
vessel  these  would  rise  to  the  height  stated.  To  prove 
Ami  vapour  is  condensed  as  its  temperature  falls,  put  a 
litde  water  into  a  flask,  and  boil  it  for  some  time,  by 
which  the  whole  of  the  air  is  expelled,  and  that  part 
not  occupied  by  the  fluid,  is  filled  with  steam.  When  it 
is  in  this  state,  cork  it  tightly  and  cool  it,  then  plunge  the 
mouth  of  it  into  a  basin  of  water,  and  remove  the  cork, 
and  the  moment  that  this  is  done,  the  fluid  will  rush 
ap^  being  forced  in  by  the  pressure  of  the  atmosphere, 
proving  that  there  must  have  been  a  vacuum  occasioned 
hf  the  condefuaAon  of  (he  vapour. 

The  condensation  of  vapour  is  proved  also  in  another 
way,   and  perhaps  still  more  satisfactorily,   as  the  con« 
densed  substance  may  be  actually  collected :  all  that  is. 
necessary  is,  to 
put  water  into  I       \~c 

a  retort  A,  to         |f 
which  a  receiver 
B    is  adapted, 
and  which  must 
be  kept  cool,  aa 

iseasQydoneby 
putting  it  into 
a  plate  D,  and 
surroundinfi:  it  by  a  mixture  of  ice  and  water ;  or  it 
may  be  covered  with  a  piece  of  cloth,  and  a  stream  of 
water  allowed  to  flow  on  it,  either  by  means  of  a  syphcm, 
OTy  which  is  more  easily  managed,  by  a  funnel  C,  the 
throat  of  which  has  a  grooved  cork  in  it,  and  by  which 
we  can  tHorn  a  large  or  a  small  stream  to  flow  as  we  please. 
By  the  appUcation  of  heat  to  the  retort,  the  water  is 
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difiipated  in  vapour,  and  which  is  again  condensed  in 
the  cool  receiver. 

The  part  of  the   thermametric  scale  at  which  bodies' 
assume  the  vaporyic  state,  varies  in  almost  every  differeni 
instance.'^Some  evaporate  at  a  low  temperature,  while 
others  require  a  most  intense  heat ;   indeed  many  have 
not  yet  been  converted  into  vapour.    The  former  have 
been  called  volatile,  the  latter  ^ed ;   terms,   however^, 
which  are  very  indefinite.     Other  bodies,  on  the  con-* 
trary,  are  at   a  natural   temperature  in  ^the   aeriform 
state,   and  many  of  them   cannot,   by  the  application 
of  an  extreme  degree  of  cold,   be  made  to  lay  aside  thie 
form.     This  has  given  rise  to  the  division  into  vixpourSf 
or  those  which  are  easily  condensed,  and  gases,  (a  term 
derived  from   the   German  word  gas,   signifying  air), 
or  permanently  elastic  fluids,  which,   as  the  name  would 
lead  us  to  suppose,  cannot  be  condensed.    Thus,  if  heat 
be  applied  to  chalk,   a  substance  is  given  o£P   in  the 
aeriform  state,  and  though  the  temperature  of  this  is 
reduced,  as  by  collecting  it  in  a  jar  over  a  water  trough, 
it  still  remains  in  the  same  form.     This  division  is,  how- 
ever, incorrect.     It  is  now  well  known,   that  what  were 
at  one  time  supposed  to  be  permanently  elastic,  can  be 
condensed  either  by  the  application  of  cold,  or  of  strong 
pressure,   as  has  been  beautifully  illustrated  by  the  ex* 
periments  of  Faraday,    (Ph.  Tr.  1823),  in  which,  by  a 
very  simple  contrivance,   merely  by  subjecting  the  gas 
to  a  pressure  produced  by  itself  during  its  formation, 
he  has  succeeded  in  causing  many  of  them  to  become 
fluid.     Again,  by  making  gases  enter  into  union  either 
with  themselves  or  with  other  bodies,  they  lay  aside  their 
gaseous  form,  so  that  we  must  consider  them  merely 
solids   converted    into  the  aeriform  state,    by  bavii^ 
combined  with  a  sufficient  quantity  of  calorie  at  a  very 
low  temperature,  and  which  caloric  we  cannot  in  all  casea 
withdraw. 

The  preceding  remarks  apply  in  a  great  measure  to 
the  conversion  of  a  fluid  to  vapour,  and  of  a  vapour  to 
fluid;   there  are  many  instances,  however,  of  a  solid 
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dijuigiiig  at  once  to  vapour,  and  a  vapour  to  solid,  witli- 
out  being  previously  fluid.  Thus,  on  appljing  heat 
to  iodine,  it  does  not  liquefy,  it  at  once  passes  off  in 
vapour  of  a  beautiful  violet  colour,  which,  as  it  reachea 
the  cool  part  of  the  af^Muratus,  is  condensed  in  slender 
crystals. 

The  disHnguuhingfBature  of  aeriform  bodies  «#  elastid' 
ty^  or  the  property  of  resuming  their  formic  bulk,  aft^ 
having  been  condensed  by  pressure,  and  the  pressure  ia 
again  removed.    By  that  of  a  few  inches  of  mercury,  air 
and  other  elastic  fluids  are  much  diminished,  and  by 
compiesaion  alone  many  of  the  gases  have  been  condens- 
ed;  but  the  moment   the  compressing  force  is  witl]^ 
drawn,  they  again  become  gas.    Rarity  is  agkotkerjiaiurf 
of  vapoure^  and  which  is  so  great  as  to  cause  them  t^ 
be  invisible,  unless  when  they  are  of  a  particular  colour^ 
Thus,  a  vessel  filled  with  steam  is  perfectly  transparent 
We  may  have  some  idea  of  the  rarity  of  these  bodies 
fiom  the  qpace  a  fluid  occupies  when  converted  to  vapour ; 
iteam«  for  instance,  is  between  1700  and  1800  times  the 
volume  of  the  water  from  which  it  is  formed. 

Though  bodies  pass  off  in  vapour  ai  different  tempera^ 
tmres^  yet,  cseteris  paribus,-  the  vaporjfic  point  qfa^fiuid  is 
abDoys  the  same.  Thus,  water  boils  at  SIS,  mercury 
at  656.  There  is  one  circumstance,  however,  that  ma- 
terially affects  the  boiling  point,  which  is  the  pressure. 
As  it  is  increased,  it  becomes  higher,  but  when  dimi- 
Bished,  it  is  lowered.  That  the  boiling  point  is  lowered 
aa  the  pressure  is  diminished,  may  be  prpved  in  different 
ways.  By  means  of  an  air-pump»  we  are  enabled  to 
withdraw  the  air  froin  a  bell-glass,  so  that  any  subs^nce 
placed  under  it  must  have  less  pressure  thaj^  wheQ  ex* 
posed  to  tbo  atmosphere. 

Before  stating  the  experiment,  it  is  necessary  to  ex« 
plabk  bear  the  air-pump  acts.  This  will  be  most  easily 
understood  by  attending  to  the  figure,  which  represents 
a  vertical  secticm  of  a  pump,  in  its  simplest  form.  A  is 
the  bdl-g^sM,  or  receiver j  that  is  to  be  emptied  of  its  air, 
placed  on  the  plate  of  the  pumpi  B  C.    This  commu- 
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'  ihat  any  farther  working  of  the  pump  does  not 
vit  more. 

ii  a  -ubstance  be  placed  in  the  receiver,  and  the  air 
itlulrawn,  it  must  sustain  less  pressure  than  when 
t:.p.r>cd  to  the  atmosphere.  To  prove,  then,  that  the 
Ixjiling  point  of  a  fluid  is  lowered  as  the  pressure  is  di- 
iirlnished,  if  a  jar  with  a  mixture  of  equal  measures  of 
Cold  and  boiling  water  be  placed  under  the  receiver,  and 
the  air  withdrawn,  it  begins  to  boil,  and  will  continue  to 
do  so  for  some  time,  even  though  the  temperature  be 
perhaps  140  degrees  below  the  usual  boiling  point. 

That  the  boiling  point  of  a  fluid  is  lowered  as  the 
pressure  is  diminished,  is  proved  also  in  another  way* 
If  water  be  boiled  in  a  flask  for  some  time,  the  whole  of 
the  air  of  the  vessel  is  expelled,  and  the  upper  part  of  it 
is  filled  with  steam.  If,  in  this  state,  it  be  corked  tightly, 
and  plunged  instantly  into  cold  water,  it  boils  briskly,  and 
continues  to  do  so  for  some  time ;  but  if  it  be  plunged 
into  boiling  water,  the  ebullition  ceases.  On  again  put* 
ting  it  into  the  cold  water,  it  begins  to  boil,  and  on  again 
placing  it  in  the  warm  fluid,  it  ceases  to  do  so.  In  thist 
instance,  when  the  vessel  is  corked,  and  putinto  the  cold 
fluid,  the  vapour  in  the  upper  part  is  condensed ;  theret 
is  thus  produced  a  vacuum ;  and  as  the  fluid  within  is 
relieved  of  its  pressure,  it  boils,  even  though  it  is  below 
its  boiling  point  On  putting  it  into  warm  water,  the 
vapour  is  prevented  from  being  condensed ;  it  exertSt 
therefore,  a  pressure  on  the  fluid  nearly  the  same  as  that 
of  air ;  and  as  the  temperature  is  below  the  point  of  ebul« 
lition,  it  does  not  boiL  Here,  then,  by  keepipg  the  flask 
in  cold  water,  the  fluid,  by  the  condensation  of  the  va- 
pour, is  kept  under  a  diminished  pressure,  by  which  the 
boiling  point  is  lowered.  In  this  way  it  may  be  reduced 
many  d^rees ;  indeed,  did  no  pressure  exist  on  fluids, 
there woujd  not  be  any  body  in  that  state;  it  would 
instantly  assume  the  form  of  vapour. 

If^  insUad  qfiUmlnishingf  we  increase  the  pressure,  the 
boiling  point  becomes  higher.  Thus,  if  heat  be  applied 
to  water  in  a  close  vessel,  it  may  be  raised  many  d^ees 
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beyond  SIS  without  boiling,  the  vapour  at  first  formed' 
exerting  an  additional  pressure  on  the  fluid,  and  thus  pre- 
venting its  ebullition.  The  apparatus  by  which  this  is 
most  easily  shewn,  is  that  called  Papiii'a 
Digester,  It  is  a  strong  metallic  vessel  . 
A,  with  a  lid,  secured  to  it  by  luting,  y^ 
In  the  lid  there  is  a  stop-cock  B,  and 
there  is  also  another  opening  C,  shut 
by  a  stopper  D,  loaded  with  a  certain 
weight,  to  prevent  the  too  great  accumulation  of  steam ; 
for  when  it  is  collected  in  great  quantity,  the  weight  is 
raised,  and  the  superfluous  vapour  allowed  to  escape. 
When  water  is  heated  in  this  apparatus,  it  may  be  raised 
many  degrees  beyond  the  boiling  point ;  but  after  remov- 
ing it  from  the  fire,  the  moment  the  stop-cock  is  opened, 
so  as  to  relieve  it  of  its  additional  pressure  given  by  the 
steam,  it  begins  to  boil,  and  continues  to  do  so  for  some 
time,  shewing  that  its  temperature  must  have  been  far 
beyond  its  usual  boiling  point,  the  caloric  that  keeps 
up  the  ebullition,  being  that  which  had  raised  the  fluid 
above  this.  It  has  been  ascertained  by  experiment,  that 
water  may  in  this  way  be  brought  up  to  400,  or  even 
500 ;  indeed,  were  the  vessel  of  sufficient  strength,  it 
might  be  made  much  higher. 

As  the  pressure  which  fluids  sustain  from  the  air  is 
greater  at  one  time  than  another,  the  boiling  point  varies^ 
In  this  country,  the  range  of  the  barometer,  the  instru- 
ment used  for  ascertaining  the  pressure  of  the  atmos- 
phere, is  about  3  inches,  from  S8  to  81,  and  it  has  been 
ascertained,  that  for  each  inch  of  difference,  the  boiling 
point  of  water  is  altered  1^  degree  of  the  thermometer ; 
it  may  therefore  vary  nearly  5.  It  has  been  already 
mentioned,  that  in  the  construction  of  a  thermometer, 
(Seepckge  15,^  one  of  the  fixed  points  of  the  scale  it 
found  by  plunging  it  into  boiling  water.  It  was,  how- 
ever, stated,  that  there  was  one  circumstance  to  be  at- 
tended  to,  the  pressure  of  the  atmosphere.  In  gradu- 
ating thermometers,  therefore,  we  must  attend  to  the 
height  of  the  barometer.     We  must  either  seize  the  op- 
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portunity  when  it  is  at  its  average  height,  30,  at  which 
water  boils,  at  21£,  or  we  must  make  allowance  for  the 
difference,  about  1^  degree  for  each  inch  it  is  above  or 
below  it. 

The  following  table  shews  the  difference  in  the  boiling 
point,  by  a  difference  in  atmospheric  pressure,  and,  of 
course,  enables  us  to  mark  the  degree  on  the  stem  of  a 
thermometer,  when  the  ball  is  in  water  boiling  at  these 
pressures. 


QbjQIeBCs* 

BoDiiigpotait. 

Baromelflr. 

BoOiiig  point. 

81. 

213.76 

29. 

210.19 

80.5 

212.88 

28.5 

20931 

so. 

212. 

28. 

208.43 

29.5 

211.07 

27.5 

207.55 

If  therefore  the  barometer  should  be  at  31,  the  part  of 
the  stem  must  be  marked  218|. 

//  is  evident  aUofrom  (lie  preceding  remarks^  that  water 
wmsi  bail  at  different  temperatures  at  different  heights^ 
eren  though  there  is  no  change  in  the  state  of  the  at- 
mosphere, the  pressure  being  less  as  we  ascend;  and,  as 
we  know  the  variation  which  the  difference  in  pressure 
occasions,  it  affords  us  an  easy  method  of  finding  the 
height  of  an  object.  It  has  been  ascertained,  that  for 
each  degree  that  the  boiling  point  is  lowered,  we  must 
allow  an  ascent  of  about  530  feet.  We  have,  therefore, 
merely  to  find  the  temperatures  at  which  water  boils 
at  the  top  and  bottom  of  the  object,  and  allow  530  feet 
for  each  degree,  taking  care,  at  the  same  time,  that  there 
has  been  no  change  in  the  state  of  the  atmosphere,  which 
would  cause  a  difference  in  the  boiling  point,  indepen- 
dent of  that  occasioned  by  the  diminution  of  pressure 
owing  to  the  difference  in  height.  This  method  of  ascer- 
taining the  height  of  an  object,  has  been  brought  to  a 
great  state  of  perfection  since  the  invention  of  a  ther- 
mometer by  Mr  WoUaston,  (Phil.  Tr.  1817,)  each  degree 
on  the  scale  of  which  can  be  divided  into  1000  parts,  so 
that  each  division  in  the  difference  of  the  boiling  point  is 
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there  is  a  certain  point  at  which  the  whole  of  it  evapo- 
rates. De  la  Tour  has  shewn  (An.  de  Chimie,  v.  xxi.) 
that  alcohol  heated  to  405  in  a  strong  close  tube  passed 
into  vapour,  which  had  a  pressure  of  119  atmospheres. 
The  same  was  the  case  with  ether  at  320,  the  elastic  force 
being  87  atmospheres. 

It  has  been  already  proved^  tluit  a  solidy  when  becoming 
fiuxd^  absorbs  caloric^  without  having  its  temperature  de- 
voted ;  the  same  occurs  when  a  fluid  is  changed  to  vo- 
pour.  When  water,  for  instance,  arrives  at  a  boiling 
point,  the  whole  of  it  does  not  in  an  instant  become 
steam  ;  on  the  contrary,  the  evaporation  goes  on  slowly. 
That  fluids  during  evaporation  absorb  caloric,  is  proved 
by  a  very  simple  experiment.  Put  some  water  into  a 
flask  A,  in  which  there  is  a  thermometer  filled  with  oil 
or  mercury ;  place  this  over  a  lamp,  the  thermome- 
ter gradually  rises,  till  the  fluid  begins  to  boil.  If  the 
height  of  the  instrument  be  marked,  it  will  be  found  not 
to  vary  in  the  slightest  degree.  Suppose  it  stand  at  212. 
After  leaving  it  there  for  some  time,  draw  it  into  the 
upper  part  of  the  flask,  so  as  to  have 
it  surrounded  by  the  steam  B,  the 
temperature  will  be  found  to  con- 
tinue the  same,  at  21 2.  Here,  then, 
caloric  was  at  first  flowing  in,  in 
a  certain  ratio,  by  which  the  water 
was  brought  to  the  boiling  point. 
It  must  have  continued  to  flow  in 
afterwards  in  the  same  ratio,  yet  the 
temperature  of  the  water,  or  of 
the  steam,  is  not  affected ;  it  must 
therefore  be  absorbed. 

The  same  is  proved  by  the  experiments  with  Papin^s 
digester,  already  mentioned.  When  the  temperature  of 
the  water,  and  of  course  of  the  vapour  over  it,  was 
brought  to  400,  and  the  stop-cock  opened,  steam  rushed 
out  with  great  force,  and  at  the  same  time  the  water  it- 
self and  also  the  steam  ware  suddenly  reduced  to  212; 
the  caloric,  the  loss  of  which  had  lowered  the  tempera- 
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tureof  both  nearly  900,  having  been  absorbed  by  thesteam. 
Dr  Black  endeavoured  to  ascertain  thequantity  that  enter<« 
ed  in  the  following  way.  He  put  equal  parts  of  water 
at  50  into  tin  vessels,  and  exposed  them  to  a  steady  heaL 
In  four  minutes  it  began  to  boil,  and  in  20  it  was  all 
evapcM-ated ;  so  that  in  the  first  4,  it  had  acquired  as 
much  caloric  as  raised  it  169,  and  during  the  last  16  it 
must  have  received  it  in  the  same  ratio,  consequently  in 
all  as  much  had  entered,  as  would  have  raised  the  fluid 
810.  Mr  Watt  has  estimated  it  higher.  In  one  experi« 
ment,  water  was  boiled  for  half  an  hour  in  Papin's  di« 
gester,  during  which  it  lost  half  an  inch  of  its  depth. 
The  stop-cock  was  then  shut  for  the  same  time,  at  the 
end  of  which  the  fluid  had  arrived  at  400.  The  cock  was 
then  opened,  steam  rushed  out,  and  continued  to  do  so 
tiU  the  water  had  lost  an  inch.  From  this  he  conclud- 
ed, that  as  much  had  entered  as  would  have  afiected 
the  water  950.  Lavoisier  fixed  it  at  1000,  and  Dr  Ure 
has  lately  made  it  967. 

When  Jluids  evaporaie  spontaneously^  they  also  absorb 
caloric.  It  is  well  known,  that  when  the  hands  are  wet- 
ted and  exposed  to  the  air,  they  feel  cold,  because  the 
moisture  passing  off  in  vapour,  is  constantly  withdrawing 
caloric  from  them.  This  may  be  shown  also,  by  cover- 
ing the  ball  of  an  air  thermometer  with  muslin,  and 
pouring  a  little  ether  on  it ;  it  will  quickly  evaporate, 
and  the  instrument  will  indicate  cold.  When  also  fluids 
are  made  to  evaporate  under  diminished  pressure^  cold  is 
produced,  they  must  therefore  absorb  caloric.  Thus,  if  a 
ball  of  a  thermometer,  covered  with  muslin,  be  so  placed 
under  the  receiver  of  an  air-pump,  that  ether  can  be  al- 
lowed to  fall  on  it  drop  by  drop,  on  withdrawing  the  air 
the  evaporation  goes  on  quickly,  and  a  sufficient  de- 
gree of  cold  is  produced  actually  to  cause  the  mercury 
to  be  frozen.  Numerous  other  instances  might  be  given, 
but  for  these,  see  Sources  of  Cold. 

Ft  may  be  expected^  that  as  there  is  an  absorption  of 
heai  during  evaporaHon^  there  should  be  an  evolution  of  it 
when  vapour  is  condensed ;  and  this  is  actually  the  cascj  as 
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the  caloric  which  it  had  previously  imbibed,  is  extricate 
ed,  and  hence  the  beneficial  effects  of  the  deposition  of 
dew  or  hoar-frost  on  vegetation,  and  even,  by  this  also, 
the  intense  cold  that  might  otherwise  be  occasioned 
during  night  is  in  a  great  measure  prevented,  (see  page 
48.)  Did  this  law  not  exist,  we  never  could  attempt  to 
boil  water ;  for  the  moment  it  is  heated  to  its  boiling 
point,  the  whole  of  it  would  pass  ofi^  in  vapour,  and  cause 
the  vessel  to  burst  with  prodigious  force ;  whereas,  owing 
to  the  necessary  absorption  of  heat,  the  change  goes  on 
slowly,  the  vapour  escaping  as  it  is  formed. 

The  uses  to  which  evaporation  is  applied  are  nume- 
rous and  important.  Many  of  the  operations  of  chemis- 
try depend  on  the  tendency  which  bodies  have  to  pass  o£F 
in  vapour  at  different  temperatures.  Thus,  when  a  solid 
is  dissolved  in  a  fluid,  they  can  be  separated  by  applying 
heat ;  the  latter  will  be  evaporated,  the  former  will  re- 
main in  the  vessel.  When  this  process  is  carried  on 
without  wishing  to  preserve  the  fluid,  it  is  called  evapo- 
ration ;  but  when  it  is  to  be  kept,  it  is  termed  distiUaiion. 
The  former  is  practised  in  open,  the  latter  in  closed  ves- 
sels. Thus,  when  the  matter  in  solution  is  to  be  procur* 
ed,  the  fluid  is  heated  in  a  shallow  basin,  so  that  as  great  a 
surface  as  possible  may  be  exposed,  by  which  ic  is  quickly 
evaporated.  In  carrying  on  distillation  on  asmall  scale,  the 
fluid  is  put  into  a  retort,  to  which  a  receiver  is  adapted, 
and  which  must  be  kept  cold,  to  condense  the  vapour  that 
flows  into  it,  (see  page  67.)  In  conducting  it  on  a  large 
scale,  the  fluid  is  put 
into  a  still.  A,  and  the 
vapour  is  made  to  pass 
through  a  spiral  tube, 
or  worm,  B,  placed  in 
a  tub  with  cold  water, 
called  a  refrigeratory y 
C.  In  this  worm  the  va- 
pour is  condensed,  and 
escapes  at  the  open  end,  where  it  is  collected  in  vessels,  D. 
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The  only  fluid,  the  vapour  of  which  we  can  put  to  any 
particular  use,  is  water.  Steam,  owing  to  the  large  quan- 
tity of  caloric  which  it  gives  forth  during  its  condensa- 
tion,  is  employed  fpr  heating  apartments.  For  this  pur- 
pose, pipes  connected  with  a  boiler  are  carried  through 
the  room,  being,  till  they  enter  the  apartment,  left 
resplendent,  to  prevent  the  heat  from  being  too  quickly 
earned  off,  and  by  which  the  steam  would  be  condensed. 
Steam  is  also  employed  tor  carrying  on  different  chemi- 
cal processes  in  which  too  great  heat  would  be  injurious, 
as  in  assisting  fermentation,  and  in  drying  substances 
gradually,  and  without  the  risk  of  burning  them.  When 
ft  is  used  for  the  last  of  these,  suppose  for  drying  gun- 
powder, Uie  powder  is  placed  on  boxes,  which  are  fill- 
ed with  it,  the  condensed  vapour  being  carried  off  by 
tubes.  When  it  is  employed  for  heating  fluids,  it  is 
citliar  condensed  in  them,  or  made  to  pass  through  them 
in  warms.  Thus,  in  heating  water  for  baths,  or  in  the 
operations  of  dyers,  where  water  is  used  for  dissolving 
the  dye,  a  tube  terminates  in  each  bath,  or  dye  vat,  near 
the  bottom,  where  it  is  condensed ;  it  gives  out  its  latent 
heat,  and  warms  the  whole  of  the  fluid,  as  was  the  case 
in  the  experiment  mentioned  at  page  78.  In  those  cases, 
CD  the  ccmtrary,  in  which  the  condensed  steam  would 
prove  injurious  to  the  fluid,  in  the  distillation  of  spirits, 
for  instance,  a  worm  passes  through  it,  and  comes  out  at 
the  bottom,  (as  in  the  refrigeratory,  page  80,)  and  being 
kept  cofistantly  full  of  steam,  which  is  to  be  condensed, 
the  latent  heat  is  evolved,  and  brings  up  the  tempe- 
rature sufficient  to  carry  on  the  distillation.  The  con- 
densed steam  escapes  at  jthe  mouth  c^  the  pipe.  In  the 
same  way  brewers  sometimes  warm  their  fluids,  for  ex- 
tracting the  soluUe  matter  from  malt. 

It  must  be  kept  in  mind^  that  in  heating  by  steam, 
the  temperature  cannot  go  beyond  212,  the  boiling  point 
of  water,  because,  when  the  substance  is  brought  up  to 
this,  it  ceases  to  condense  it,  so  that  any  additional 
quantity  thrown  in,  though  it  keeps  up  the  tempera- 
ture^ cannot  carry  it  higher. 

VOL.  I.  F 
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Incandescence,  or  Igfiitiofi' 

The  three  general  efPects  of  calpric  already  treated 
of,  may  t)e  considered  as  different  degrees  of  the  same 
law, — that  it  has  a  tendency  to  make  the  particles  of  a 
body  recede,  the  separation  increasing  according  to  its 
addition.  The  fourth  effect  is  quite  distinct.  By  /n- 
candescence,  or  Ignition,  is  meant,  that  substances,  when 
heated  to  a  certain  temperature,  become  red  hot>  or  they 
emit  light  as  well  as  heat 

Incandescence  is  not  accompanied  with  any  chemical 
action,  and  must  therefore  be  distinguished  from  com- 
bustion, which  is  the  result  not  only  of  the  addition  of 
caloric,  but  of  an  action  between  the  air  and  the  body, 
which,  when  it  has  ceased,  no  longer  remains  combustible* 
Ignition,  on  the  contrary,  is  altogether  independent  of 
the  air,  and  is  continued  as  long  as  the  temperature  ia 
kept  up,  and  may  be  renewed  at  pleasure. 

The  point  of  the  thermometer  at  which  bodies  become 
incandescent  is  differently  stated  by  authors,  yet  it  seems 
to  be  the  same  in  all ;    of  course  it  must  vary  accordiii|r 
to  circumstances,  particularly  with  respect  to  light ;  aa 
object  which  is  red  hot  in  the  dark  not  being  so  ift 
day  light.     Sir  Isaac  Newton  fixed  the  point  of  incandes^ 
cence  in  the  dark  at  635 ;    but  this  is  too  low,  for  mer- 
cury boils  at  656,  and  is  not  incandescent     Other  expeii- 
menters  have  plated  it  at  about  790,  while  Wedgewood 
has  made  it  about  950.     It  is  now  generally  supposed 
that  ignition  in  the  dark  occurs  at  about  800.     As  the 
heat  18  increased,  the  emission  of  light  also  becomes  great* 
er,  and  the  colour  changes  first  into  red  with  an  admiz*- 
ture  of  yellow,  and  lastly  into  bright  white,  beyond  whidi 
there  is  no  change.     The  degrees  at  which  these  occur 
have  not  been  ascertained  with  accuracy.    Newton  has 
placed  the  ftiU  red  heat  at  about  750,  and  incandescenee 
visible  in  day  light  at  1000,  while  Wedgewood  has  fixed 
it  at  1077.     The  former,  it  has  been  already  said,  has 
made  ignition  in  the  dark  too  low ;  we  cannot,  therefore, 
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place  much  confidence  in  the  results  of  the  experiments 
OD  this  subject. 

The  temperature  necessary  for  malcing  fluids,  but 
more  particularly  gases,  incandescent,  is  abore  that  of 
aolids ;  and  that  gases  do  assume  this  state,  is  evident 
from  the  light  given  out  during  many  cases  of  combus- 
tion,  flame  being  merely  incandescent  gaseous  matter,  the 
beat  which  has  brought  them  to  the  proper  temperature, 
being  evolved  by  the  chemical  action  accompanying  the 
combustion. 

Bodies  may  be  made  red  hot  by  friction  and  per- 
cussion, as  well  as  by  the  direct  application  of  heat. 
Thus,  if  two  hard  substances,  as  flint  and  steel,  be  struck 
tsgetber,  small  sparks  fly  off ;  or  if  a  piece  of  hard  metal 
be  rubbed  against  a  stone,  as  in  the  familiar  instance  of 
a  grinding-stone,  it  becomes  red  hot.  This  is,  of  course. 
Id  be  ascribed  to  the  heat  excited  by  the  friction  and  per- 
CHiion  being  sufficient  to  elevate  their  temperature  to 
that  of  ignition,  as  it  is  wdl  known  that  caloric  is  evolv- 
ed duriag  these  jHx>cesses.  (For  the  farther  consideration 
9i  this  subject,  see  LighL) 

SofTRCES  OF  HbaT  AND  CoLD. 

FaoM  tlie  tendency  which  heat  has  to  diffuse  itself, 
tin  there  is  an  equality  of  temperature,  it  would  soon  be 
ftaUiifced  over  the  earth,  were  it  not  for  the  constant 
opcratkwi  of  foreign  powers ;  the  changes  that  occur  are, 
"howerer,  not  great,  the  extremes  of  heat  and  cold  that 
woold  otherwise  ensue,  beingpreventedby  thesame  causes. 
The  rattge  oS  natural  temperatures  is  by  no  means  ex- 
Bve.  ^Hm  average  heat  of  the  globe  is  about  60,  the 
not  bdng  many  degrees  above  or  below  this. 
la  warm  climates,  the  tiiermometer  occasionally  stands 
a*  IM  or  IK  in  the  diade>  while,  in  the  colder  regions, 
it  aometflnes  falls  to  «-^0,  thus  making  a  difference  of 
Aamt  168  cr  1*90  degrees.  The  range  of  temp^ature 
wliich  we  can  paoeure  by  artiflcMl  means,  is  luckily  much 
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greater,  the  lowest  cold,  accurately  measured,  being  -»91f 
or  128  below  the  freezing  point ;  while  the  greatest  heat» 
also  accurately  ascertained,  was  153  W.  which,  if  we 
place  reliance  in  the  pyrometer,  must  have  been  24,000 
F.  Higher  and  lower  degrees  have  been  produced,  but 
the  temperature  of  these  has  not  been  ascertained. 

This  brings  us  to  the  last  part  of  the  subject  of  Caloric, 
the  means  of  producing  a  change  of  temperature,  or  what 
is  commonly  called,  the  generation  of  heat  and  cold. 

Means  of  Generatinff  Heat. 

The  different  methods  of  generating  heat,  are  the  Solar 
Raysy  Electricity  and  Galvanisniy  mechanical  action  be- 
tween solids,  as  Friction  and  Percussions  and  Chemical 
Jetton^  under  which  is  included  Combustion. 

The  principal  source  of  the  heat  of  this  globe  is  the  solar 
raySy  which  are  constantly  passing  from  the  sun  to  the  earthy 
and  warming  it,  or  any  other  dense  object  on  which  they 
strike.  The  heat  produced  in  this  way,  in  the  open  atmoa* 
phere,  is  by  no  means  high,  but  it  depends  in  a  great 
measure  on  the  nature  of  the  object  on  which  the  rays  strike, 
and  that  it  is  so,  has  been  proved  by  the  experiments  of 
Franklin  and  Davy.  Franklin,  by  exposing  pieces  of  dif- 
ferent coloured  cloth  on  snow,  found,  that  when  the  sun^s 
rays  acted  on  them,  they  simk  into  the  snow,  just  in  pnK 
portion  to  their  darkness,  black  sinking  by  far  the  most. 
Similar  experiments  were  performed  by  Davy  (Beddoes* 
Contributions.)  He  took  equal  pieces  of  copper,  and  paint- ' 
ed  one  side  of  them  white,  yellow,  red,  green,  blue,  and 
black,  and  on  the  opposite  side  was  placed  a  small  piece 
of  cerate.  On  exposing  the  painted  sides  to  the  sun'^s  rays, 
be  found  that  the  cerate  was  first  melted  on  the  blacken* 
ed,  next  on  the  blue,  then  on  the  green  and  red,  next  on  the 
yellow,  and  lastly  on  the  white ;  owing  of  course  to  the 
difference  in  the  absorption,  the  blackened  one  absorbing 
most,  the  white  least,  in  other  words  reflecting  powerfully. 

The  heat  produced  by  the  solar  rays  may  be  increased  by 
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particular  means.     In  an  experiment  in  which  Saussure 
enclosed  the  bulb  of  a  thermometer  in  a  box  of  cork^  and 
charred  in  the  inside ;  on  allowing  the  rays  to  flow  on  it, 
the  temperature  rose  to  221 :   and  Professor  Robis<m 
found  that  he  could  by  a  similar  contrirance  produce  a 
heat  of  287,  while  that  of  the  atmosphere  was  only  78. 
By  other  methods,  a  much  more  intense  heat  can  be  pro- 
duced, as  by  concentrating  the  rays  by  mirrors  and  len- 
ses.    The  large  lens  made  by  Parker  very  easily  fused 
olTer  and  gold,  and  caused  them  to  pass  into  vapour. 
Hence  this  affords  an  easy  method  of  trying  the  effects  of 
an  intense  heat  on  different  bodies,  as  when  they  are  con- 
fined in  gases.  A  very  high  temperature  is  also  excited  by 
common  mirrors,  as  those  used  for  radiation;  they  are  how- 
ever subject  to  this  objection,  that  as  the  rays  are  directed 
upwards,  when  the  substance  on  which  they  strike  begins 
to  melt,  the  application  of  the  heat  must  be  discontinued. 

Rumford  has  shewn  that  a  lens  and  mirror  do  not  act, 
as  some  supposed,  by  augmenting  the  power  of  the  rays, 
but  merely  by  causing  a  greater  number  to  act  on  the 
lame  spot ;  for  he  found  that,  in  directing  them  on  a 
blackened  flask,  the  water  in  it  was  brought  to  the  same 
temperature  whether  the  rays  were  dispersed  over  its  sur- 
fiMe,  or  concentrated  by  a  lens.— (Jour,  de  Phys.  Ixi.  32.) 

Eledridty  and  Galvanism  produce  a  very  high  tempe- 
rmture.  By  them,  more  particularly  by  the  latter,  metals 
may  be  made  red  hot,  and  even-  converted  to  vapour ; 
and  by  the  former,  gaseous  bodies  are  easily  inflamed, 
(See  lUectriciiff  and  Galvanism). 

Friction  and  Percussion  are  also  sources  of  heat.  That 
heat  is  evolved  by  friction  is  well  known,  and  that  the  temr 
pcrature  is  intense,  has  been  proved  by  many  experiments. 
By  rubbing  two  pieces  of  wood  together,  by  the  friction 
of  a  rope  over  a  pulley,  or  of  the  axle  of  a  carriage,  com- 
bustion is  often  produced.  In  this  way  forests  have  been 
burned  by  the  violent  friction  of  the  branches  against 
each  other  during  storms.  The  wheels  of  machinery, 
and  ships  also,  /by  the  rubbing  of  the  cables  against  the 
sides  during  the  lowering  of  the  anchors,  have  been  5et 
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on  fire.  The  temperature  produced  iu  these  instances 
does  not  depend  on  the  hardness  of  the  bodies  employed, 
as  it  is  generally  remarked  that  the  softest  woods  occa- 
sion the  greatest  heat. 

Tlie  heat  excited  by  percussion  is  equals  in  many  ca»$9 
it  is  superior  J  to  thcU  evolved  by  Jriction.  If  a  piece  of 
iron  be  struck  against  flint,  or  two  flints  against  each 
other,  small  sparks  are  thrown  off.  A  familiar  instance 
of  the  generation  of  heat  by  percussion,  is  the  method  a 
blacksmith  often  resorts  to  for  kindling  a  fire.  He  placet 
a  small  rod  of  iron  on  the  anvil,  and  strikes  it  repeatedly 
and  forcibly  with  his  hammer,  by  which,  in  a  short  time 
it  becomes  so  hot,  that  a  sulphur  match  may  be  easily 
kindled  by  it. 

Under  the  production  of  heat  by  mechanical  means, 
may  be  mentioned  the  method  of  generating  it  by  sud» 
denly  condensing  atmospheric  air.  In  working 
the  syringe,  by  which  this  is  compressed  into  an 
air-gun,  it  is  always  found  to  become  warm.  In 
this  case  much  of  the  heat  evolved  must  depend 
on  friction  ;  a  sufficiently  high  temperature  can, 
however,  be  produced  by  the  sudden  compression 
of  air,  to  set  fire  to  inflammable  bodies,  on  which 
depends  the  instantaneous  light-giving  syringe, 
much  used  on  the  continent,  for  affording  a  light. 
It  is  merely  a  small  brass  tube.  A,  to  which  a  pis- 
ton,  B,  is  accurately  adapted,  and  at  the  end  of 
which,  C,  there  is  a  cavity  for  containing  the  tin- 
der. That  employed  is  the  substance  called 
Amadouj  which  is  a  fungous  excrescence  growing 
on  some  trees,  and  beat  till  it  becomes  quite 
spongy,  and  afterwards  soaked  in  nitre.  A  little 
of  it  is  placed  in  the  cavity  at  the  end  of  the 
piston,  which  is  put  into  the  syringe,  and  driven 
forcibly  home ;  and  the  heat  evolved  during  the  sudden 
compression  of  the  air,  is  sufficient  to  kindle  it  Of  course 
the  piston  must  be  withdrawn  quickly,  otherwise  the  ama* 
dou,  though  kindled,  will  be  extinguished. 

The  evolution  of  heat  during  the  condensation  of  gases. 
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k  supposed  to  he  owing   to  n  diminution  of  capAcity 
which  the  substance  suffers*  as  it  is  well  known  thst  the 
nearer  the  particles  of  a  body  are  brought  to  each  others 
the  capacity  in  general  beocucnes  less.     The  disengage- 
Hient  of  it  by  percussion  is  probably  to  be  accounted  for 
m  the  same  way.     When  a  body  is  repeatedly  struck,  its 
specific  gravity  is  increased  ;  there  must  therefore  be  a 
condensation,  and  as  this  is  known  to  lessen  the  capa- 
city for  caloric,  part  of  it  may  therefore  be  disengaged. 
It  nuiBt  not  be  supposed,  however,  that  all  the  heat  that 
heoomes  sensible  in  these  cases  is  owing  to  the  conden- 
satioD,  for  when  flint  is  struck  against  Qteel,  small  sparks 
fly  €^.     Here  the  caloric  evolved  by  the  condensatioui 
has  been  sufficient  to  raise  the  temperature  of  the  de* 
tached  piece  of  steel,  to  that  at  which  it  will  unite  with 
part  of  the  air,  by  which  heat  is  also  disengaged*    Hence 
ifOD,  when  struck  against  flint  in  vacuo^  does  not  produce 
fparks. 

The  evolution  of  caloric  by  friction,  cannot  be  accounts 
sd  for  in  the  same  way.  It  is  well  known,  that  there  is 
no  condensation  when  soft  bodies  are  rubbed,  nor  is  there 
any  acdon  between  them  and  the  air,  as  heat  is  evolved 
in  this  vav  in  vacuo^  and  even  imder  water.  Some  have 
supposed  that  it  depends  on  electricity.  Thus,  in  an 
experiment  of  Pictet,  in  which  hard  substances  were  rub- 
bed together  in  a  vacuum,  a  thermometar  placed  be- 
tween them  indicated  a  rise  of  temperature ;  but  when 
oottcm  was  introduced  so  as  to  prevent  the  instrument 
from  being  broken,  and  when  the  fibres  rubbed  against 
the  bulb  of  the  thermometer,  a  much  greater  heat  was 
excited  than  before.     (Pictet  sur  le  Feu.) 

The  most  abundant  source  of  heaty  and  that  applied 
to  the  most  use/id  ptirposes^  is  Chemical  Action.  By 
die  mixture  of  different  substances,  a  chemical  ac* 
tion  is  induced,  which  is  generally  acoompaoied  with  a 
dionge  of  temperature,  frequently  with  the  evolution  of 
caloric  Thus,  whexk  oil  of  vitriol  and  water,  in  equal 
qoaotides,  .are  mixed,  a  sufiicient  heat  is  excited  to  set 
fire  to  inflammable  matter.     If,  for  instance,  some  tow, 
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'with  a  piece  of  phosphorus  in  it,  be  wrapt  round  the  glassy 
•and  the  mixture  be  stirred,  it  is  instantly  kindled.  The 
same  also  happens  when  water  is  thrown  on  recently  burn- 
ed lime ;  they  enter  into  union,  and  heat  is  disengaged. 

Numerous  other  instances  of  a  similar  nature  might  be 
given,  but  this  method  of  generating  heat  is  not  put  to 
^any  particular  use. 

From  what  has  been  already  said,  when  treating  of 
fluidity  and  evaporation,  it  is  evident  that  the  disengage^ 
ment  of  heat  in  these  instances  is  owing  to  the  change  of 
form,  which  one  or  both  of  the  substances  experience 
and  by  which,  according  to  Black,  the  latent  caloric  is 
set  free,  or,  according  to  Irvine,  there  is  a  diminution  of 
capacity ;  so  that  the  bodies  require  less  when  com^ 
bined  than  when  separate.  In  those  instances  in  whidi 
there  is  no  change  of  form,  there  is  a  condensation,  aa 
happens  to  sulphuric  acid  and  water,  the  mixture  occu- 
pying less  space  than  the  ingredients ;  and  hence,  also^ 
the  cause  of  the  disengagement  of  heat. 

Dead  animal  and  vegetable  matter,  under  certain  cir- 
cumstances, undergo  a  change  called  putrefaction^  during 
which  heat  is  evolved,  but  this  mode  of  producing  it  is 
resorted  to  only  by  farmers  and  gardeners.  Horse  dung, 
and  oak-bark  after  being  used  by  tanners,  are  the  sub- 
stances generally  employed.  The  former,  when  there  is 
a  large  collection  of  it,  will  excite  heat  of  about  140, 
which  it  continues  to  do  for  along  time;  and  hence  its  use 
by  gardeners  in  making  hot-beds.  Tanner'^s  bark  is  em- 
ployed also  for  the  same  purpose. 

By  Jar  the  most  important  source  qfheat^  is  combustion. 
Before  proceeding  to  treat  of  the  generation  of  heat  by 
it,  it  may  be  remarked,  that  it  is  occasioned  by  a  chemi- 
cal action  between  an  inflammable  body  and  the  air  of 
the  atmosphere;  of  course,  a  supply  of  the  latter  ia 
absolutely  necessary,  and  the  more  freely  it  is  admit- 
ted, the  more  rapid  is  the  combustion,  hence  many 
cf  the  improvements  which  have  lately  been  introduced 
for  increasing  the  heat  during  this  process.     Till  within 
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a  short  time,  the  only  inflammables  were  solid  or  fluidf 
but  of  late  an  aeriform  substance  has  been  used,  with 
whidi  a  most  intense  heat  can  be  excited.  The  fluid  com- 
bustibles in  general  use  are,  alcohol,  oil,  and  tallow,  for 
the  latter,  though  solid  at  a  natural  temperature,  is  li- 
quefied before  it  is  burned.  It  is  of  great  consequence, 
in  the  combustion  of  these,  that  the  heat  be  steady,  and 
that  there  be  no  unnecessary  "waste  of  the  materials ;  for 
this  reason  it  is  usual  to  bum  them  on  a  soft  combusti- 
ble, as  eotton,  by  which  the  fluid  is  drawn  up,  and  gra- 
dually consumed.  In  the  case  of  tallow,  the  heat  given 
out  by  the  burning  of  the  cotton,  and  afterwards  by  its 
own  comlmstion,  melts  it,  and  thus  allows  it  to  be  burned 
in  the  same  way  as  oil.  The  flame  caused  by  the  com- 
bustioD  proceeds  from  an  inflammable  gas  given  out, 
which  unites  with  part  of  the  air  of  the  atmosphere ; 
where  this  is  not  in  contact  with  it,  it  is  of  course  not 
consumed,  and  hence  the  cause  of  smoke,  which  is  mere- 
ly the  carbon  that  exists  in  the  gas,  deposited  from  it 
in  the  state  of  a  very  fine  powder.  To  prevent  this, 
three  different  methods  are  adopted.  1^,  To  use  a  very 
small  wick.  2J,  To  have  a  flat  wick,  as  is  commonly 
employed  in  kitchen  lamps.  Sd,  To  have  the  wick  hollow, 
which  is  by  far  the  greatest  improvement  that  has  been 
made.  This  was  reconunended  by  Bolton,  but  intro- 
duced by  Abgakd,  and  hence  lamps  with  it  are  called 
Argands. 

By  using  a  hollow  wick,  there  is  a  constant  current 
of  air  through  it,  entering  at  A,  by 
which  the  whole  of  the  flame  is 
brought  in  contact  with  it,  and  the 
inflammable  matter  is  consumed,  and 
smoke  prevented.  To  increase  the 
draught  through  the  wick,  it  is  ne- 
cessary, also,  to  surround  it  by  a 
cylinder,  B,  by  which  the  air  is  more 
freely  supplied,  and  the  combustion  more  complete.  C 
is  the  part  of  the  lamp  for  holding  the  oil,  which  is  con- 
veyed by  the  tubes  D  and  E  to  the  wick  in  F.     Though 
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this  mode  of  consuming  oil  is  employed  principally  for 
affording  ligbt,  yet  it  is  a  good  method  of  supplying 
heat,  particularly  to  small  vessels.  In  using  it  ior  this 
purpose,  the  wick  is  surrounded  by  a  copper  cylinder, 
B.  By  placing  a  cylinder  A,  over  a  com- 
mon lamp  B,  the  flame  becomes  much 
steadier,  and  the  smoke  is  in  a  great  mea- 
sure prevented  ;  so  that  this,  also,  forms  a 
good  mode  of  applying  heat  on  a  small 
scale. 

It  has  been  already  said,  that  the  re- 
newal of  air  is  absolutely  necessary  for  com- 
bustion, and  the  more  freely  it  is  admitted,  the  more 
rapid  is  the  consumption  of  the  combustible ;  hence  the 
heat  may  be  greatly  increased  by  causing  a  blast  through 
the  flame.     For  this  purpose,  a  blow-pipe,  to  be  blown 
either  by  the  mouth,  or  by  bellows,  is  used.     It  is  of 
very  little  consequence  what  form  of  pipe  is  adopted, 
though  different  kinds  have  been  recommended  by  differ- 
ent people.     Dr  Black  used  one  of  a 
conical  form.  A,  made  of  tinned  iron, 
with  a  pipe  coming  from  the  side  near 
the  base  B,  and  terminating  with  a 
very  small  aperture.     C  is  the  form  of 
the  common  glass  blow-pipe,  the  ball  D  being  intended 
to  condense  the  moisture  in  the  air  coming  from  the 
lungs.     By  causing  air  to  pass  through  the  flame,    it 
is  drawn  to  a  fine  point,  at  which  a  most  intense  heat  is 
excited.     In  using  the  lungs  as  the  means  of  procuring 
the  blast,  when  these  are  nearly  exhausted  of  air,  the 
mouth  must  be  filled  by  distending  the  cheeks ;    and  by 
afterwards  compressing  these,  the  air  is  expelled  through 
the  pipe,  while  it  may  at  the  same  time  be  taken  in  through 
the  nostrils,  so  that  a  continued  blast  can  be  kept  up  for 
a  long  time.     When  the  lungs  cannot  be  used,  recourse  is 
had  to  double  bellows.     These  are  merely  two  bellows,  A 
and  fi,  joined,  with  an  opening  leading  from  one  to  the 
other,  C,  over  which  there  is  a  valve,  the  same  as  in  com- 
mon bellows,   there  being  also  a  valve  at  the  opening  of 
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the  other,  D.  Oa  the  upper  one  there  is  a  weight  Ei, 
and  from  it  proceeds  the  pipe  F.  When  the  lower  one 
it  filled  by  moving  the  handle  G,  the  air  is  thrown  into 
the  upper,  from 
which  it  is  con- 
stantly rushing 
through  the  pipe, 
being  forced  out 
by  the  pressure  of  the  weight,  so  that  in  this  way  an  un- 
interrupted stream  is  kept  up.  These  apparatus  are 
much  employed  by  glass-blowers,  and  they  are  also  ex^ 
tremely  useful  to  chemists.  Double  bellows  are  much 
used  also  by  blacksmiths  and  others,  when  an  intense 
heat  is  required. 

The  principle  on  which  the  blowpipe  acts,  is  by  bring* 
ing  a  oMistant  supply  of  air  to  the  inflammable  matter, 
thus  rendering  the  consumption  more  complete,  and  the 
ooDsequent  heat  greater.  See  Berzelius  on  the  Blow-pipe^ 
trandaied  by  M,  Children. 

It  will  be  afterwards  shewn,  that  the  air  of  the  atmos- 
phere is  a  compound,  containing  two  ingredients,  only  one 
of  which  supports  combustion,  so  that  if,  instead  of  using 
air  as  the  means  of  keeping  up  the  blast,  the  purer  part 
of  it  or  oxigengaa  be  employed,  the  heat  is  much  more  in- 
tense. It  will  be  afterwards  shewn  also,  that  instead  of 
using  oil  as  the  inflammable,  if  the  light  aerial  fluid  hy« 
drogen  be  employed,  a  very  high  heat  may  be  excited, 
perhaps  the  most  intense  we  have  yet  been  able  to  procure. 
See  Hydrogen. 

The  next  class  of  combustibles  is  the  solids,  which 
are  wood,  charcoal,  peat  or  turf,  and  coal.  In  those 
countries  in  which  wood  abounds,  it  is  the  principal  fuel. 
Its  combustion  is  lively,  but  it  gives  out  a  great  deal  of 
smoke  and  flame,  which  render  it  unfit  for  many  opera^ 
tions,  so  that  it  is  confined  chiefly  to  the  heating  of  apart- 
ments, but  it  is  employed  also  by  some,  as  by  bakers,  in 
their  ovens.  When,  however,  it  is  converted  to  charcoal^ 
these  inconveniences  are  prevented,  and  it  is  then  useful^ 
as  a  means  of  generating  heat,  for  many  purposes  of 
the  arts,  being  employed  by  dyers,  confectioners,  and 
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many  others,  and  it  is  also  much  used  by  chemists.  Peaty 
or  dried  turf,  is  likewise  used  as  fuel,  but  chiefly  in  thotoe 
places  where  the  others  cannot  be  obtained.  Coal  is  by 
far  the  most  useful  of  the  inflammables,  and  is  employ*- 
ed  in  almost  every  operation  where  an  intense  heat  is  re- 
quired on  a  large  scale.  It  is  used  in  two  states,  either 
as  procured  from  the  mine,  or  in  the  form  of  ccke^ 
which  is  prepared  merely  by  exposing  it  to  heat, 
excluded  from  the  air,  by  which  it  is  deprived  of 
those  substances  that  are  the  cause  of  the  flame  and 
smoke.  Coal  is  burned  principally  in  open  fire-places, 
for  heating  apartments.  Coke  is  employed  when  heat  it 
required  for  carrying  on  different  operations. 

When  fuel  is  burned  in  a  grate,  the  heat  that  enters  the 
apartment  is  that  emitted  by  radiation ;  the  whole  of  the 
warm  air  escaping  up  the  vent,  because  that  in  contact 
with  the  fuel  being  heated,  becomes  lighter,  and  ascends. . 
The  more  rays,  then,  that  can  be  thrown  into  the  room, 
so  much  the  better.  Rumford  has  therefore  proposed, 
that  the  sides  of  the  fire-place  be  made  of  some  material 
which  reflects  the  radiated  heat,  and  that  they  be  so  si* 
tuated,  as  to  throw  off*  as  many  rays  as  possible  ;  hence 
they  are  now  placed  in  a  slanting  direction,  instead  of 
being  square  with  the  back,  as  formerly,  by  which 
there  is  not  only  less  fuel  consumed,  but  our  apartments 
are  better  warmed,  and  smoke  is  in  a  great  measure  pre- 
vented, because,  as  the  fire-place  is  narrower,  there  is  a 
greater  draught  up  the  vent. 

Coal  is  sometimes  also  burned  in  a  stove,  for  heating 
apartments.  A  stove  is  merely  a  grate, 
but  confined  on  all  sides,  the  air  neces- 
sary for  combustion  entering  through 
the  apertures  below.  A,  in  the  ash-pit  C, 
and  the  smoke  passing  up  through  a 
tube  from  the  top,  B.  In  this  way  of 
burning  fuel,  the  supply  of  air  is  not 

great,  consequently  there  is  not  much  AJ**"** >■• 

change  of  that  in  the  room,  which  makes 

it  feel  disagreeable  to  those  not  accustomed  to  it. 
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.  A  particular  modification  of  a 
fttove,  is  well  adapted  for  warm- 
ing large  places,  as  churches  and 
manufactories.  It  is  merely  a 
common  stove,  A,  surrounded 
by  an  outer  covering,  B,  at  the 
distance  of  a  few  inches,  with 
openings  below  C,  to  admit  air. 
When  the  stove  is  kindled,  and  / 
becomes  hot,  the  air  that  enters  through  the  outer  part 
striking  it,  is  instantly  heated,  and,  becoming  lighter, 
ascends,  being  forced  up  by  the  colder  particles  rushing 
in  to  supply  its  place,  and  may  thus  be  conveyed  by 
tubes,  D,  through  the  room,  or  even  to  the  different 
^nrtments  of  a  building,  the  tubes,  till  they  reach  the 
apartment,  being  made  of  a  resplendent  metal,  as  tinned 
iron,  that  they  may  give  off  little  heat  by  radiation.—- 
(See  page  45.^     The  smoke  is  carried  off  by  the  vent  E. 

Coke  is  burned  in  chauffers,  or  fur- 
naces. A  chauffer  is  merely  a  cylindri- 
cal box  of  sheet  iron.  A,  open  above,  and 
with  a  grating  at  the  distance  of  about 
an  inch  from  the  bottom,  B,  for  support- 
ing the  fuel,  the  air  for  the  combustion 
entering  at  apertures  below.  These  are 
well  adapted  for  applying  heat  to  small 
vessels.  By  putting  on  a  vent,  C,  it 
becomes  very  intense,  and  this  is  often 
used  when  we  wish  to  apply  a  strong 
beat  to  substances  placed  amidst  the  fue], 
as  in  crucibles. 

Furnaces  are  of  different  forms  accord- 
ing to  the  use  to  which  they  are  applied, 
but  in  their  general  construction  they 
are  the  same.  A  furnace  consists  of 
three  parts  ;  a  body,  A,  with  a  grating 
for  holding  the  fuel,  an  ash-pit,  B,  in 
which  the  openings  for  the  admission  of 
air  are  generaUy  placed,  and  a  chimney, 
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Cy  for  the  escape  of  the  smoke.  There  is  also  an  open- 
ing in  the  upper  part,  D,  into  which  a  pot  for  holding 
sand  can  be  placed,  and  by  which  heat  is  applied  very 
equally  when  we  wish  to  carry  on  distillation.  There 
are  also  holes  in  the  sides,  E,  E,  through  which  tubes 
can  be  passed  when  we  wish  to  subject  gases  to  heat. 
Furnaces  on  a  large  scale  are  of  the  same  general  con- 
struction ;  a  body  for  holding  the  fuel,  an  ash-pit,  and  a 
vent, — but  different  forms  are  used,  according  to  the  use 
to  which  they  are  applied. 

The  combustion  in  furnaces,  and  the  consequent  heat, 
depend  on  the  supply  of  air  to  the  burning  body  ;  the 
quicker  its  renewal,  the  more  rapid  its  combustion,  and, 
of  course,  the  more  intense  the  heat.  The  rapidity  with 
which  the  air  is  made  to  enter,  is  increased  in  two  ways, 
either  by  enlarging  the  openings  for  its  admission,  or  by 
lengthening  the  chimney.  When  it  is  required  that  the 
heat  should  be  very  strong,  the  vent  is  carried  to  a  great 
height,  by  which  the  air  is  made  to  enter  rapidly,  and  the 
fuel  is  quickly  consumed.  This  is  occasioned  by  the  air 
in  the  vent  being  lighter  than  that  without ;  it  therefore 
rises  to  make  way  for  its  admission  below.  So  long,  then, 
as  the  air  in  the  vent  is  enlarged,  it  is  pressed  up  by 
the  heavier  colder  particles.  When,  however,  the  chim-. 
ney  is  so  long  that  the  air  within  and  without  are  of  the 
same  density,  there  is  no  farther  increase  of  the  rapidity 
with  which  it  enters,  though  the  vent  is  made  higher. 
The  longer,  then,  that  the  air  can  be  kept  warm,  so  much 
the  better,  because  it  is  expanded,  and  lighter  than  that 
without.  Hence  chimneys,  even  though  short,  are  made 
of  bad  conducting  materials,  to  allow  the  air  in  them  to 
cool  slowly, — ^in  other  words,  to  contr^t  slowly. 

In  the  construction  of  furnaces,  it  is  of  the  utmost 
coBsequenoe  that  the  heat  be  as  much  confined  as 
possible.  On  a  large  scale,  they  are  made  of  bricks, 
and  sometimes  lined  with  fire  clay.  Smaller  furnaces, 
as  those  made  of  metal,  are  always  lined  with  a  mix- 
ture of  clay  and  sand,  or  with  charcoal  and  clay,  and 
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afterwards  with  clay  and  sand,  F^  F,  to  protect  the  char- 
coal from  the  fire,  which  not  only  confines  the  heat,  but 
prevosts  the  destruction  of  the  furnace.  (See  preceding 
cut.) 


Means  of  Generating  Cold, 

By  the  generation  of  cold,  it  must  be  kept  in  mind,  is 
meant  merely  the  abstraction  of  caloric. 

The  methods  inducing  a  reduction  of  temperature  are^ 
Ear^bctian^  ExmponUion^  and  Chemical  Action* 

When  an  aerifbrm  body  is  suddenly  rarefied  by  part  of 
4he  pressure  being  reducedy  cdd  is  excUed.  If  a  delicate 
thermometer  be  placed  in  the  receiver  of  an  air  pump, 
and  the  air  be  quickly  withdrawn,  it  indicates  cold  ;  or 
if  it  be  held  in  the  stream  of  air  as  it  rushes  from  an  air^ 
gmi,  into  m^ich  it  had  been  previously  condensed,  and 
by  the  escape  from  which  it  is  rarefied,  the  temperature 
oks.  Perhaps  the  most  remarkable  instance  of  the  re- 
iKictioQ  of  tenG^ratnre  by  rarefaction  is  that  mentioned 
Id  have  taken  place  at  Chemnitz  in  Hungary,  where,  to 
{■ocureabliut  for  animating  a  furnace,  air  was  compres»- 
ed  by  a  column  of  water  of  £60  feet.  On  opening  the 
stop-cock,  the  air  thus  condensed  rushed  out  with  immense 
force,  and  the  watery  vapour  existing  in  it  was  deposited 
in  the  form  of  icicles  around  the  nozle  of  the  pipe. 

The  production  of  cold  by  rarefaction  is  to  be  account- 
ed for  in  the  same  way  as  the  generation  of  heat  by  con^ 
densation ;  the  rarefied  air  absorbing  caloric,  which  be- 
comes latent,  or  having  its  capacity  enlarged,  by  which 
h  acquires  tfn  additional  quantity  of  heat. 

It  has  been  already  fvliy  eaplained^  when  treccting  cf 
emporation^  that  when  ajluid  is  converted  into  vapour ^  it 
abmvis  calaritj^^( See  page  V7.)  If  this  be  not  suppHedf 
ii  must  take  it  from  itself,  or  from  any  body  brought  in 
esmtmet  wUh  tl,  and  hence  generates  cold.  When,  for  in^ 
stance^  Uie  hands  are  wetted,  and  exposed  to  the  air,  they 
feel  cold,  because  the  water,  during   its  evapcnration, 
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absorbs  heat  from  them.  That  cold  is  generated  by  this 
process,  is  proved  also  by  covering  the  ball  of  an  air  ther- 
mometer with  muslin,  and  pouring  a  little  alcohol  or 
ether  on  it ;  the  fluid  in  the  stem  instantly  rises,  owing  to 
the  contraction  of  the  air  in  the  ball,  and  thus  indicating 
cold.  If  the  bulb  of  a  common  thermometer,  after  being 
covered  with  muslin,  be  dipt  in  ether,  and  whirled  in  the 
air,  its  temperature  falls  considerably. 

It  has  been  already  proved,  that  as  the  pressure  on  a 
fluid  is  diminished,  it  evaporates  more  easily  than  when 
exposed  to  the  air,  and  hence  a  method  of  increasing  the 
rapidity  of  the  evaporation,  and  consequent  reducticm  of 
temperature.  By  placing  water  under  the  receiver  of  an 
air-pump,  and  exhausting,  the  fluid  evaporates,  but  the  va- 
pour formed  itself  exerts  a  pressure  on  the  water;  so 
that,  unless  we  keep  constantly  working  the  pump, 
the  evaporation  ceases.  There  is  an  easy  method,  how- 
ever, of  keeping  up  the  vacuum,  without  working  the 
pump,  which  is,  to  place  a  vessel  with  oil  of  vitriol 
under  the  receiver,  which,  owing  to  its  powerful  attrac- 
tion for  water,  condenses  the  vapour  as  it  comes  off. 
We  are  indebted  to  Professor  Leslie  for  this  method  of 
generating  cold.     He  places  on  the  plate  of  the  pump^ 

A,  a  basin  with  oil  of  vitriol, 

B,  and  over  this  a  small  un- 
glazed  earthen- ware  dish,  C, 
with  water,  resting  on  a  stand. 
The  receiver,  D,  is  then  put  on, 
and  exhausted.  The  water 
being  under  less  pressure  than 
before,  evaporates,  and  the  va- 
pour is  quickly  condensed  by  the  acid,  so  that  the  vacuum 
is  kept  up,  the  evaporation  continues,  and  the  vapour, 
during  its  formation,  absorbs  caloric  from  the  water,  re- 
duces its  temperature,  and  actually  makes  it  freeze* 
Though  the  water  is  covered  with  a  layer  of  ice,  stiU 
the  evaporation  and  absorption  of  heat  continue,  for  the 
ice  itself  is  changed  to  vapour  ;  indeed,  if  we  keep  it 
long  enough  under  the  receiver,  the  whole  of    it   is 
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frozen,  and  afterwards  disappears,  being  converted  t6 
Tapour,  and  condensed  by  the  acid.  In  this  experiment 
an  iinglazed  dish  is  used  for  holding  the  water,  because, 
being  porous,  it  allows  the  fluid  to  evaporate,  not  only 
fmm  the  surface,  but  also  through  the  sides ;  hence  the 
ice  is  first  formed  on  the  surface,  and  on  that  part  in  con- 
tact with  the  vessel. 

Instead  of  sulphuric  acid,  other  substances  may  be 
used*  Oat-meal,  well  dried,  and  many  other  bodies  in 
the  state  of  powder,  have  a  similar,  but  not  so  powerful 
an  effect. 

The  generation  of  cold  under  diminished  pressure  may 
be  shewn  also,  by  placing  a  small  tube  with  water  into  a 
^ass  of  ether,  putting  it  under  the  receiver,  and  exhaust- 
ing. As  the  air  is  withdrawn,  the  ether  begins  to  pass 
off  in  Tapour,  and  reduces  the  temperature  of  the  water, 
io  as  to  cause  it  to  freeze,  affording  the  singular  appear- 
ance of  two  fluids  in  the  same  jar,  one  of  which  is  boil- 
ing, and  the  other  freezing. 

Another  very  beautiful  illustration  of  the  production  of 
cold  during  evaporation,  has  been  given  by  Dr  Wollas- 
ton.  The  instrument  employed  is  called  a  Creophyrus, 
(k^9K9  cold,  and  ^i^^,  to  bear.)  It  is  a  tube,  forming  three 
sides  of  an  oblong,  with  a  ball  at  each  end.  In  making 
it,  water  is  put  into  both  balls,  and  boiled  for  some  time, 
by  which  the  whole  of  the  air  in  the  instrument  is  expel- 
led, and  when  in  this  state,  it  is  sealed  by  a  blow-pipe, 
so  that,  when  cooled,  the  fluid  is  under  a  diminished 
pressure ;  but  it  must  not  be  supposed  that  the  pressure 
is  eniirehf  removed,  for  there  is  still  the  vapour  given  off 
fircnn  the  water.  If  the  whole  of  the  water  be  put  into  one 
ball.  A,  and  the  other,  B,  be  surrounded  by  a  freezing 


mixture,  C,  the  vapour  in  it  is  condensed,  the  water.  D, 
in  the  other,  is  thus  entirely  relieved  of  pressure,  and 
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begiHS  to  pass  off  quickly  in  vapour,  which)  as  it  flows 
into  the  opposite  ball,  is  condensed.  The  vacuum  is 
thus  kept  up,  the  evaporation  continues,  and  during,  the 
formation  of  the  vapour,  it  absorbs  caloric  from  the  w^ 
ter,  so  as  to  cause  it  to  freeze. 

If  the  creophjrus  contain  ether,  and  the  ball,  A«  be 
put  into  a  basin  of  water,  B,  being  surrounded  by  the 
cold  mixture,  as  the  ether  is  drawn  off  in  vapour,  the 
fluid  in  the  basin  begins  to  freeze,  and  in  the  course  of  a 
short  time,  A  is  covered  with  a  thick  layer  of  ice.  All 
of  these  experiments  are  farther  proofs  of  the  general 
law,  established  by  Dr  Black,  that  as  fluids  pass  into  va^ 
pour,  they  absorb  caloric,  and  the  absorption  must  be 
very  great,  because  there  is  not  only  the  reduction  of  tem- 
perature to  the  point  of  congelation,  there  is  also  the  aibh 
straction  of  the  latent  heat  of  the  fluid  which  is  frozen. 

The  loit  method  of  generating  coU,  is  chemical  adimh 
chi^  when  a  solid  is  dissolved  in  ajluidy  or  when  two  solids 
act  on  each  other^  and  become  Uqwd.  The  absorption  of 
caloric  during  liquefaction  has  been  already  fully  iUua- 
trated,  (p.  59.)  If,  then,  we  can,  by  any  means,  oanse 
a  solid  to  become  liquid,  without  the  addition  of  heaty 
we  diminish  its  temperature,  and  consequently  that  of 
any  body  brought  in  contact  with  it. 

Many  of  the  salts,  during  solution  in  water,  hare 
their  temperature  reduced.  -  Thus,  nitre  falls  17,  and 
sal  ammoniac  no  less  than  28  degrees.  By  mixing  these 
in  eqfual  proportions,  and  dissolving  them^  usiag  five 
ounoesof  the  mixture  to  eight  of  water, :  a  muoh.greatss 
cold'  may  be  produced.  That  cold  is  generated,  is  easily 
shewn  by  a  thermometer,  or  by  putting  into  the  mixtiiiw 
a  tube  with  water,  which  is  soon  frozen.  In  this  case, 
there  is  no  waste  of  materials,  because  the  salts  can  be 
procured  by  evaporation,  and  will  answer  again  for  tjbe 
sanie  purpose. 

By. dissolving  a  salt  in  an  acid,  by  which  the  solution 
is  more  quickly  accomplished,  the  cold  becomes  more  in* 
tense.  Perhaps  the  most  convenient  mixture  of  this  kind 
is  Glauber  salts,  and  oil  of  vitriol  previously  diluted 
with  its  own   volume  of  water,  and  allowed  to  cooL 
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When  the  salt  is  put  into  this,    using  equal  weights^ 
it  is  quickly  dissolved,  and  the  temperature  falls. 

Bj  the  action  of  two  solids,   the  product  being  fluid, 
the  cold  becomes  still  more  intense.*   Thus,   when  ice  is 
mixed  with  sea  salt,   both  are   liquefied;   and  during 
their  liquefaction,  thej  absorb  caloric,  and  of  course  ge- 
nermle  cold.     In  this  instance,  the  temperature  sink^  to 
-^4.     It  is  the  mixture  always  employed  by  confectioners 
in  preparing  ice  creams ;  the  proportions  being  about  two 
of  the  former  to  one  of  the  latter  ;  and  here  also  there  is  no 
waste,   for  by  boiling  the  water  is  driyen  off,  and  the 
salt  is  procured,  and  will  answer  for  the  same  purpose  as 
before.    This  is  also  the  mixture  employed  by  Fahrenheit, 
in  his  experiments,  made  with  a  view  of  producing  what 
he  conceived  to  be  the  degree  of  absolute  cold,  or  that  at 
which  there  is  no  heat,  and  from  which  he  commenced 
the  scale  of  his  thermometer.     In  this  he  committed  a 
mistake,  not  only  with  respect  to  the  temperature,  for  it 
is  not  Oy   but  — ^   but  he  erred  also  in  his  idea  of  its 
bang  absolute  cold.    It  has  been  already  stated,  that 
lower  degrees  have  been  produced  by  other  means.     An^ 
other  salt,  which  acts  very  powerfully,  is  muriate  of  lime, 
wUdi,  when  mixed  with  snow,  produces  a  great  reduc«> 
tkm  of  temperature. 

By  these  different  means  cold  is  produced ;  and  by  ccfol- 
JDg  the  articles  previous  to  their  being  nixed,  the  reduc- 
tioii  of  tennperature  becomes  still  greater.  •  By  mixing 
snow  and  sulphuric  acid,  diluted  with  half  its  .weigliit  of 
water,  both  being  cooled  by  being  placed  in  a^cbld  mix* 
ture,  a  cold  of  ---M  was  obtained  by  Mr  Walker  of  Ox. 
fora. 

In  all  these  instances,  the  generation  of  cold  is  to  be 
ascribed  to  the  change  in  form,  one  <Nr  both  of  the  sub^ 
stances  becoming  fluid,  and,  according  to  Black,  takii^> 
in  latent  caloric ;  or,  according  to  Irvine,  haying,  by 
the  chemical'  action,  their  capacities  suddenly  increase, 
by  whicli  the  beat  in  them  is  no  longer  able  te  keep  them 
at  the  same  temperature;  consequently,  they  take  it 
from  mf  body  brought  in  contact  with  them. 

o9 
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Those  bodies  which  act  most  rapidly  on  each  other^  and 
thus  quickly  become  Jluid^  and  at  the  same  time  absorb  the 
greatest  quantity  of  caloric^  have  most  effect  in  generating 
cold.  Thus,  one  witich  is  but  slowly  dissolved  in  water 
causes  little  reduction  of  temperature,  while  those  which 
dissolve  quickly  produce  a  more  intense  cold.  When 
two  solids  become  fluid,  the  absorption  of  caloric  i» 
greater,  and  the  temperature  sinks  still  farther.  But 
besides  this,  it  is  necessary  also  that  the  product  remain 
liquid,  at  a  low  temperature ;  otherwise  the  action,  and 
the  consequent  reduction  of  temperature,  cease.  Thus, 
by  muriate  of  lime  and  snow,  a  cold  of  — 50  can  be  pro^ 
duced,  while  by  mixing  sulphuric  acid  and  snow,  the 
temperature  falls  only  to  — 9^.  In  the  former,  the  re- 
duction cannot  be  made  to  go  beyond  that  stated,  be^- 
cause  when  it  has  come  to  this  the  solution  congeals^ 
and  the  substances  cease  to  act  on  each  other.  In  the 
latter,  however,  the  product  remains  liquid  at  a  very 
low  temperature;  consequently,  if  they  be  cooled  be^ 
fore  they  are  mixed,  the  cold  becomes  much  more  in- 
tense. Hence  has  arisen  a  method  of  increasing  the 
cold  by  the  previous  cooling  of  the  substances,  by  putv 
ting  them  into  other  freezing  mixtures.  This,  however^ 
has  also  its  limits,  for  if  yre  cool  them  below  the  tempera^ 
ture  at  which  they  act  on  each  other,  there  is  no  farther 
reduction  when  they  are  mixed.  Thus,  muriate  of  Wxnt 
and  snow  produce  a  cold  of  — 50 ;  but  if  these  be  C(x>led 
to  this,  and  mixed,  it  does  not  become  greater,  because^ 
they  do  not  act  on  each  other. 

It  must  be  kept  in  mind^  thaty  in  many  instances^  the 
reduction  of  temperature  is  in  a  great  measure  counteracted 
by  t/^e  condensation,  and  consequent  evolution  of  caloric. 
Thus,  when  two  bodies  act,  and  become  fluid,  there  may 
be  a  condensation,  owing  to  the  fluids  uniting,  and  by 
which  heat  is  disengaged ;  but,  at  the  same  time,  dur- 
ing the  liquefaction,  caloric  must  be  absorbed :  now, 
if  cold  is  the  consequence,  it  is  because  the  heat  given 
out  by  the  condensation,  is  not  equal  to  that  absorbed 
by  the  liquefaction,  as  is  well  illustrated  by  sulphuric 
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add  and  snow.     It  has  been  already  said,   that  this  acid 
and  water  uniting^  give  out  heat»  owing  to  condensa- 
tion; when  the  acid  is  poured  on  snow,    the  latter  is 
liquefied ;    and,  of  course,  there  is  an   absorption,    so 
that   by  using  different  proportions,  we  may  have  ei* 
ther  a  rise  or  fall  of  temperature.     Thus,   if  4  of  acid 
be  poured  on  one  of  ice,  heat  is  produced,   because, 
though  the  ice,  during  melting,  absorbs  caloric,  yet  the 
water  and   acid  uniting,   give  out  during  their  union^ 
and  consequent  condensation,  much  more  than  is  neces- 
sary for  this. — On  the  contrary,  if  1  of  acid  and  4  of  ice 
be   used,   we   have  a   freezing  mixture,   because   more 
caloric  is  taken  in  than  is  given  out,  the  quantity  of  ice 
being  great. 

We  have  an  easy  means,  however,  of  obviating  this 
counteracting  power,  which  is,  merely  to  unite  the  sub- 
stance with  a  little  of  that  with  which  it  is  to  cause  the 
condensation.  Hence,  in  the  instances  already  mention- 
ed, in  which  sulphuric  acid  is  employed,  it  is  diluted  with 
water,  and  allowed  to  cool  before  it  is  used.  For  the 
same  reason,  also,  in  dissolving  Glauber  salts  in  oil  of 
vitriol,  with  the  view  of  making  a  freezing  mixture,  it  is 
necessary  to  dilute  the  acid  before  putting  the  salt  into  it, 
to  prevent  it  uniting  with  the  water,  which  always  exists 
in  the  salt,   and  thus  giving  out  heat. 

The  instances  in  which  we  have  recourse  to  a  reduc- 
tion of  temperature,  arc  by  no  means  so  numerous  as 
those  in  which  heat  is  applied.  In  warm  climates,  evapo- 
ration is  often  resorted  to  for  cooling  apartments,  for 
which  purpose  water  is  sprinkled  on  branches,  and  leaves 
of  plants  suspended  in  the  room,  during  the  evapora- 
tion of  which  the  air  is  kept  agreeably  cool.  Ice  is  also 
procured,  by  the  cold  generated  during  this  process. 
When  the  evening  is  calm,  and  the  sky  clear,  small  un- 
glazed  earthen  dishes,  with  water,  are  placed  on  straw  and 
reeds,  laid  in  shallow  pits,  and  the  evaporation  generates 
cold  sufficient  to  form  ice.  It  must  be  recollected,  however, 
that  in  this  case,  a  great  deal  of  the  cold  is  due  to  radia- 
tion ;  because  the  sky  being  clear,    the  water  and  reeds 
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are  radiating  caloric,  and  as  there  is  no  return  to  com- 
pensate for  the  loss,  the  temperature  falls,  (seepage  47. J 
We  have  often  recourse  to  evaporation  for  keeping 
bodies  cold,  as  in  carrying  on  distillation.  For  this 
purpose,  the  vessel  into  which  the  vapour  flows  is  cover- 
ed with  muslin  or  paper,  and  kept  wet  by  a  stream  of 
water,  ^hich  is  constantly  evaporating,  and  thus  cooling 
the  vapour  within,  (see page  67.)  Far  Table  ^Freez^ 
ing  Mixtures^  see  Appendix, 
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LIGHT. 


1 H2  consideration  of  this  subject  more  properly  be- 
longs to  Mechanical  Philosophy  than  to  Chemistry.  A 
short  account  of  it  is,  however,  necessary,  to  enable  us 
to  trace  the  connexion  between  it  and  heat,  and  to  under- 
stand the  nature  of  the  chemical  changes  it  induces. 

Light,  like  caloric,  is  an  agent  which  we  cannot  pro- 
cure in  its  separate  state ;  we  know,  however,  that  it 
enters  into  union  with  substances,  and  that  it  is  set  free 
when  these  form  new  combinations,  so  that,  in  treating 
of  it,  we  can  only  point  out  its  effects,  and  the  circum- 
stances attending  its  absorption  and  evolution. 

Light  moves  in  straight  lines  xrith  immense  velocity. 
According  to  observation,  it  travels  at  the  rate  oi 
S00,000  miles  in  a  second,  coming  from  the  sun  to  the 
eurth,  a  distance  of  about  6,000,000,000  of  miles,  in 
8^  minutes.  Though  it  moves  with  this  velocity,  it  has 
no  sensible  momentum ;  the  most  delicate  instruments 
do  not  indicate  the  slightest  impulse  given  by  it  to  the 
objects  on  which  it  strikes. 

The  space  through  which  light  moves  is  called  a  me» 
diMm.  Air,  and  other  aeriform  substances,  are  termed 
rare^  while  water,  and  transparent  liquids  and  solids, 
are  called  dense  media. 
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When  light  strikes  a 
polished  opake  body,  it  is 
refl^ctedj  and  at  the  same 
,  angle  at  which  it  falls  on 
the  polished  object.  Thus 
let  A  B,  be  a  plate  of 
metal,  and  C  D,  a  ray  of  light ;  the  moment  it  touches 
the  plate,  it  is  thrown  off  in  the  direction  of  D  E.  The 
angle  C  D  B,  or  that  at  which  it  strikes  the  plate,  is  called 
the  angle  of  incidence ;  EDA,  is  the  angle  of  reflection ; 
hence  the  angle  of  incidence  is  always  equal  to  the  angle 
of  reflection. 

If  the  plate  be  not  flat,  the  reflected  rays  are  either  dis- 
persed or  concentrated.  Thus,  if  they  strike  a  convex 
metallic  mirror,  A  B,  after  reflection,  they  occupy  more 
space  than  before ;  on  the  contrary,  if  the  mirror  be  con- 
cavcy  C  D,  they  are  collected  into  a  point,  or  Jbcus,  E- 


If  the  rays  pass  through  the  body,  they  are  alw)  either 
dispersed  or  concentrated,  according  to  tlie  surface;  but 
the  law  followed  is  the  reverse.  If  the  body,  suppose 
gla^s,  be  concave  on  both  sides,  F  G,  they  are  dispersed, 
Y  X  Y  Z  ;  but  if  convex,  I  K,  they  are  collected  into  a- 
focus,  L. 


When  light  passes  from  one  medium  to  another,  unless 
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it  be  perpendicular  to  the  surface,  it  is  turned  from  the 
straight  line.  Thus,  if  a  stick  be  thrust  into  water,  it 
appears  crooked  at  the  surface  of  the  latter,  because  the 
rays  passing  from  it  through  the  water,  to  the  air,  sire  besit;^ 
and  as  this  takes  place  the  moment  they  leave  the  fluid|[ 
it  is  here  that  the  bending  of  the  stick  appeart.«-^Thi4 
is  called  refraction.  When  a  ray  passes  from  a  dense  ia 
a  rare  medium,  it  is  turned  Jrom  the  per^  •  Ef  ,9 
pendicular.  Thus,  let  A  B  represent  a  ray 
coming  up  through  water,  £  P  being  the 
perpendicular ;  when  it  leaves  it,  it  does  not 
proceed  in  the  same  direction  as  before,  B  C, 
it  goes  on  towards  D ;  it  is  therefore  turn- 
ed firom  the  perpendicular.  When,  on  tho 
contrary,  a  ray  passes  from  a  rare  to  a  dense 
medium,  it  is  bent  towards  the  perpendicular. 
Thus,  as  before,  let  A  B  represent  a  ray 
passing  through  air  into  water,  E  F  being 
the  perpendicular;  having  got  into  it,  it  q 
docs  not  go  on  in  the  same  direction,  B  C, 
it  proceeds  to  D  ;  it  is  therefore  turned  towards  the  per-> 
pendicular.  That  light,  in  passing  from  a  dense  to  a 
rare  medium,  is  turned  from  the  perpendicular,  is  proved 
by  a  very  simple  experiment. 
Let  a  person  place  a  piece  of 
money.  A,  at  the  bottom  of  a 
basin,  B,  and  retire  till  he  just 
loses  sight  of  it, — that  is,  till 
the  rays  A  E,  coming  from  it 
over  the  edge  of  the  basin,  reach 
above  his  eye ;  let  another  then  pour  in  water,  and  the 
money  is  seen  distinctly,  the  ray,  E,  must  th^efore  strike 
lower  than  before ;  hence,  as  it  leaves  the  fluid,  instead 
of  going  on  towards  E,  it  proceeds  to  G,  so  that  it  en-* 
ters  the  eye,  and  the  money  is  seen. 

In  general,   the  refraction  is  in  proportion  to  the  dif-* 

ference  between  the  densities  of  the  media,  but  this  is  not 

always  the  case.      When  a  substance  contains  an  im* 

fiammabk  ingredient,  it  is  greater  than  is  proportionate 
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to  the  difference  of  the  density.  It  was  the  knowledge 
of  this  that  made  Newton  conjecture  that  it  would  ooe 
day  be  discovered,  that  water  and  diamond  contain  in- 
flammable matter ;  the  correctness  of  which  has  been  now 
proved.  The  power  of  gases  to  refract  light  has  been 
pointed  out  by  Biot  and  Arrago ;  and  in  their  experiments 
they  have  also  found,  that  the  inflammable  gases  have 
the  greatest  effect ;  thus,  taking  the  refracting  power  of 
air  as  10,000,  that  of  hydrogen  gas  is  66,143. 

Newton  has  supposed  that  these  different  properties 
of  light  depend  on  an  attraction  between  it  and  the  m*^ 
dia  through  which  it  passes,  and  between  it  and  the  bodj 
which  it  strikes  or  approaches.  It  passes  freely  through 
some  objects,  as  glass  and  water,  which  are  called 
transpartnt ;  but  on  the  contrary,  it  is  absorbed  by 
others,  as  metals,  which  are  termed  opake.  He  siq^ 
posed,  also,  that  transparency  and  opacity  are  owinf 
to  the  arrangement  of  the  particles.  Thus,  in  trans- 
parent  ones  they  are  supposed  to  be  of  the  same  den« 
sity,  and  uniformly  arranged ;  hence,  when  a  ray  enten 
one  of  these,  it  is  attracted  equally  on  all  sides,  conaci 
quently  not  altered  in  its  direction,  but  passes  through 
without  obstruction.  In  opake  objects,  the  particles,  hi 
supposed,  are  either  not  of  equal  density,  or  not  uniformly 
arranged ;  a  ray  therefore  entering,  is  constantly  altered 
in  its  directibn,  and  does  not  go  through  it. 

Light  possesses  the  property  of  entering  bodies,  and 
combining  with  them,  from  which  it  is  again  extricated, 
by  keeping  them  in  the  dark.  The  substances  with 
which  it  unites  are  called  phosphorij  and  the  emission  of 
it  is  termed  phosphorescence.  The  shells  of  marine  ani- 
mals,  bones  of  land  animals,  some  of  the  gems,  and  other 
combinations  of  the  earths,  have  this  property.  Thu8» 
in  an  experiment  in  which  diamond  was  exposed  to  sun^ 
shine,  and  instantly  covered  with  black  wax,  when  taken 
into  the  dark,  and  the  wax  removed,  it  was  found  to  give 
out  light  for  several  months.  Fhosphori  may  also  be 
prepared  artificially ;  perhaps  the  most  powerful  of 
whieh  is  Car^otCs  Phosphorus ,  obtained  by  exposing  oyster 
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shells  to  heat,  and  then  placing  them  into  a  crucible  with 
sulphur,  and  again  heating  them.  If  the  product,  when 
cold,  be  put  into  a  bottle,  well  stoppered,  and  exposed 
to  sondiine  for  a  few  minutes,  it  will  give  out,  when 
taken  into  a  dark  room,  suflScient  light  to  shew  the  hours 
on  the  dial-plate  of  a  watch  ;  and  when  the  phosphores- 
cence has  ceased,  it  may  be  renewed  at  pleasure,  merely 
by  exposure  to  sunshine. 

Temperature  has  considerable  influence  on  phospho- 
rescence. Heat  increases  it,  while  cold  in  general  destroys 
it ;  and  after  it  has  ceased,  it  may  be  renewed  by  the  ap- 
plicatioii  of  heat,  and  many  do  not  act  in  this  way  till  it 
is  applied. 

Phosphorescence  is  altogether  independent  of  the  air, 
as  it  takes  place  even  when  the  body  is  excluded  from  it ; 
indeed  a  substance  retains  this  property  in  proportion  as 
the  atmoqpheie  is  prevented  from  acting  on  it ;  from  which 
it  is  evident,  that  it  is  not,  as  some  have  supposed,  owing 
to  oombostion.  It  seems  to  be  occasioned  merely  by 
the  extrication  of  that  light,  which  the  objects  had  ab* 
sisbed  when  exposed  to  it. 

The  absorption  of  light  depends  on  the  nature,  parti* 
cularly  the  colour,  of  the  surface.  The  experiments  of 
Fhukklin  and  of  Davy,  in  which  pieces  of  cloth,  and  of 
metal  of  different  colours,  were  exposed  to  sunshine,  have 
been  already  noticed,  (page  84).  From  these  it  has  been 
shown,  that  the  darker  the  object  the  more  is  the  absorb- 
ing power,  and  it  is  to  this  that  some  have  ascribed  the 
efiect  of  surface  in  absorbing  radiant  heat ;  the  light  so 
easily  taken  in  by  black  bodies,  carrying  along  with  it 
the  calorific  rays  with  winch  it  is  always  mixed. 

Sir  Isaac  Newton  first  made  the  discovery,  thajt 
l%fat  coming  from  the  sun  is  not  simple,  but  com- 
posed of  different  rays,  possessing  various  powers  of 
refraction,  as  is  proved  by  causing  one  to  pass  through 
a  triangular  piece  of  glass  called  a  prism.  Fi»r  this, 
having  darkened  a  room,  a  small  hole  is  made  in  the 
Gutter,  and  the  prism,  P,  placed  near  it.     If  the  ray, 


A,  when  it  passes  through  it,  be  made  to  fall  on  a  sheet 
i^  white  paper,  a  spectrum,  H  C,  is  produced,  composed 
of  seven  distinct  colours,  red,  orange,  yetlow,  green,  bluet 
indigo,  violet.   This  separation  of  the  rays  is  produced  by 


the  difference  in  their  refrangibility.  Thus,  the  red  is 
least  refracted;  it  is  therefore  least  bent  from  the  straight 
line,«nd  is  consequently  lowest  in  the  spectrum ;  the  others 
are  situated  in  the  order  of  their  powers  of  refraction; 
the  violet  being  most  so,  is  at  the  top.  That  light  is 
composed  of  these  different  rays,  is  also  proved  by  taking 
a  quantity  of  the  colours,  in  due  proportion,  and  mixing 
them,  by  which  white  is  produced  ;  or  if  the  rays,  instead 
of  being  thrown  on  paper,  so  as  to  form  a  spectrum,  be 
made,  after  separation,  to  pass  through  a  lens,  they  axe 
collected  into  a  focus,  and  white  light  is  produced. 

Any  number  of  refractions  or  reflections,  does  not ' 
alter  the  permanency  of  these  rays.  Thus,  if  any  one 
of  them  be  made  to  pass  through  another  prism,  it 
still  continues  of  the  same  colour. 

Herschell  has  shown  (Phil.  Trans.  1800,)  that  the  rays: 
of  which  the  spectrum  is  composed,  have  different  powers 
of  illumination.  Thus,  if  a  small  object  is  placed  at  ei- 
ther end,  it  is  seen  indistinctly,  but  if  brought  towards 
the  centre,  it  becomes  much  more  distinct,  the  greatest ' 
illuminating  power  being  between  the  bright  yellow  and 
the  pale  green. 

These  rays  have  also  different  relations  with  respect 
to  bodies.     It  has  been  already  said,  that  light  passes 
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through  transparent,  but  is  retained  by  opake  bodies. 
Several  retiun  some  of  the  prismatic  rays,  while  they 
transmit  or  reflect  others,  and  on  this  depends  their  ap- 
pearance and  colour.  One  which  transmits  all  the  rays 
is  colourless,  while  one  which  absorbs  them  is  black. 
When  a  body  retains  all  the  rays  but  one,  which  it  either 
transmits  or  reflects,  it  is  of  the  colour  of  the  reflected 
or  transmitted  ray.  Thus,  red  glass  transmits  all  the 
rays  but  the  red  one ;  blue  cloth  absorbs  all  but  the  blue 
one,  which  it  reflects. 

The  sun^s  rays  are  the  principal  source,  tiot  only  of 
light,  but  also  of  heat  to  this  globe.  It  has  been  already 
mentioned,  that  when  light  strikes  a  polished  body,  it  is 
reflected,  or  a  transparent  one,  it  is  transmitted ;  and  if 
the  former  be  concave,  or  the  latter  convex  on  both  sides, 
the  reflected  or  transmitted  rays  are  collected  into  a  fo- 
cus ;  at  this  point  an  intense  heat  is  excited,  provided 
the  mirror  or  lens  be  of  sufiicient  size. 

The  rays  of  which  the  spectrum  is  composed,  possess 
very  different  heating  powers,  as  has  been  proved  by  the 
experiments  of  Herschell. — He  found,  that  when  the  bulb 
of  a  delicate  thermometer  was  exposed  to  the  violet  ray 
for  10  minutes,  it  rose  only  2  degrees,  in  the  green  in 
the  same  time  3^,  but  in  the  red  7.  It  was  found,  how- 
ever, that  when  the  instrument  was  placed  beyond  the  red 
ray  at  H,  it  actually  rose  higher  than  when  in  it ;  it  was 
affected  even  at  the  distance  of  1^  inch  from  the  end  of 
the  spectrum.  When  placed  beyond  the  violet  ray  at  C, 
it  was  not  changed. 

These  experiments,  afterwards  confirmed  by  those  of 
Sir  H.  Englefield,  prove,  that  solar  light  is  composed 
not  only  of  a  IttminatiS,  but  also  of  a  heating  ray,  and 
which  has  been  found  to  be  quite  distinct  from  the  for- 
mer, possessing  laws  peculiar  to  itself ;  thus,  they  are  less 
refrangible,  hence  they  are  placed  beneath  them  in  the 
spectrum.  They  can  be  reflected  or  transmitted,  and  col- 
lected into  a  focus,  like  the  others,  and  hence  the  source 
of  the  heat  produced  by  a  lens,  when  the  solar  rays  are 
allowed  to  pass  through  it,  or  by  a  metallic  concave  mir- 
ror, when  they  are  reflected  and  concentrated.     It  has 
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been  mentioned,  that  the  di£Ferent  coloured  rays  of  the 
spectrum  have  different  heating  powers  ;  this,  it  has  been 
found,  depends  on  an  admixture  of  the  heating  rays. 
Thus,  the  red,  which  is  nearest  the  hitter,  has  the  great- 
est, and  the  violet,  which  is  at  the  greatest  distance,  has 
the  least  e£Fect  on  a  thermometer ;  the  effect  gradualfy 
diminishing,  as  we  proceed  from  one  end  to  the  other. 

The  rays  of  the  sun,  besides  imparting  heat  and  light, 
also  effect  very  powerful  chemical  changes^  a  familiar  in^ 
stance  of  which  is,  the  blackening  of  indelible  or  marking 
ink,  the  traces  of  which  are  at  first  invisible,  but  soon  be- 
come black  on  exposure  to  sunshine,  or  even  to  day-light. 
The  prismatic  rays  have  different  powers  in  inducing 
these  changes.  When,  for  instance,  a  spectrum  is  produc- 
ed, and  a  line  is  drawn  with  the  ink,  in  the  different  rays^ 
and  exposed  to  sunshine,  that  in  the  violet  ray  is  soonest 
blackened. 

The  discovery  of  a  heating  ray  beyond  the  luminoiii 
ones  in  the  spectrum,  naturally  suggested  the  idea  of  the 
chemical  effects  being  produced  in  a  similar  maaneiv 
This  first  occurred  to  Ritter,  who  placed  a  compound  of 
silver,  (the  white  chlorid,)  beyond  the  violet  ray  in  the 
spectrum,  and  he  found  not  only  that  it  was  blackenedf 
but  that  it  became  sooner  so  than  when  in  the  violet  raj 
itself.  When  put  beyond  the  red  one,  no  change  took 
place.  Hence  he  concluded,  that  the  solar  vay  likewise 
contains  one  which  produces  chemical  changes  quite  dis- 
tinct from  those  that  are  luminous  and  calorific— -These 
experiments,  and  consequently  the  conclusions  drawn 
from  them,  have  been  confirmed  by  Wollaston,  who  found 
that  chemical  actions  are  produced  by  rays  quite  ind^ 
pendent  of  the  colorific  and  calorific. 

It  has  been  already  mentioned,  that  the  different  pris* 
matic  rays  have  different  powers  in  effecting  chemical 
changes.  This,  it  has  also  been  proved  by  experiment,  de- 
pends on  an  admixture  of  the  chemical.  Bitter  asserts,  that 
he  succeeded  in  producing  a  spectrum  of  the  light-giv- 
ing rays,  which  had  no  power  whatever  in  blackening  the 
chlorid  of  silver,  which  he  accomplished  by  causing 
diem  to  pass  through  a  series  of  prisms,  by  which,  owing 
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to  the  difference  in  their  refrangibilitj,  they  were  8ep». 
rated. 

Such  is  the  idea  in  general  entertained  concerning  the 
constitution  of  solar  light,-— that  it  is  composed  of  three 
distinct  rays,  each  having  its  own  properties, — the  light- 
giring,  or  luminous ;  the  heat-causing,  or  calorific ;  and 
the  chemically-acting  ray, — which  may  be  separated  en* 
tirely  from  each  other. 

Experiments  have  also  been  lately  performed,  which 
eoafirra  the  opinion  sometime  ago  advanced,  that  light 
ponesses  the  power  of  magnetizing  needles.  Morichint 
fat  asserted,  that  when  a  piece  of  iron  was  kept  in  the 
violet  ray,  it  became  slightly  magnetic,  but  others  were 
iBcUned  to  suppose  that  the  effect  might  be  owing  to  other 
causes  than  that  to  which  it  was  ascribed.  Mrs  Sommer- 
ville  has  however  proved,  by  a  numerous  set  of  experi- 
ments, an  account  of  which  has  been  read  before  the 
Royal  Society,  that  Morichini  was  correct.  She  has 
tomd^  that  by  expoang  sewing  needles  to  the  violet  ray 
fiir  aboot  two  hours,  they  become  magnetic,  and  by  con- 
ceBtradiig  the  rays  by  a  lens,  the  effect  was  more  quickly 
produced.  The  indigo  ray  has  likewise  the  same  power, 
and  eo  has  dso  the  blue  md  green,  though  to  a  less  ex- 
tmft ;  but  the  yeUow,  oMiage^  and  red,  seem  to  want  it 
A  siHiilar  effect  was  produced  on  needles  by  exposing 
fikem  to  the  solar  rays,  concentrated  by  lenses  of  the  cdour 
of  tlKMe  which  in  the  previous  trials  were  found  to  possess 
the  magnetising  power. 

Fliilosophers  are  by  no  means  agreed  with  respect  to 
the  vdatioa  which  light  and  heat  bear  to  one  another. 
Sone  suppose  that  they  are  two  distinct  agents,  occasion- 
ally found  tocher,  but  not  at  all  connected.  Others, 
on  the  contrary,  imagine,  that  they  are  but  modifications 
of  the  same  power,  and  that  the  one  may  be  converted  to 
the  other.  Those  who  espouse  the  former  opinion,  found 
the  truth  of  it  on  the  fact,  that  the  properties  of  light 
are  quite  different  from  those  of  heat ;  while,  on  the 
other  hand,  light  being  the  source  of  heat,  and  bodies 
emitting  lig^t,  when  strongly  heated,   and  the  frequent 
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disengagements  of  these  agents  together,  has  given  rise 
to  the  latter.  Perhaps  the  strongest  argument  in  favour 
of  the  former,  is  the  total  absence  of  any  heating  power 
in  the  rays  of  light,  when  separated  from  those  of  heat 
Besides,  the  effects  produced  by  these  agents  are  quite 
different.  On  the  other  hand,  however,  it  must  be  ad- 
mitted, that  there  are  experiments  which  seem  strong  in 
favour  of  the  latter.  Delaroche  found  (An.  of  Phil.  ii. 
100.)  that  the  heat  radiated  from  a  warm  object,  passes 
through  glass  with  great  difficulty  when  the  temperature 
is  low,  but  as  it  is  raised  it  penetrates  more  easily  ;  the 
facility  with  which  it  passes  increasing  with  the  tempera- 
ture. From  this,  some  have  supposed  that  heat  may  be 
converted  into  light,  as  it  is  well  known  that  the  rays  of 
the  latter  pass  through  glass  without  interruption. 

The  influence  of  light  over  the  objects  of  nature  is  very 
great.  By  its  rays  entering  the  eye,  vision  is  produced* 
The  effects  on  the  vegetable  world  are  not  less  striking. 
Plants  always  extend  their  branches  to  the  light,  and 
jnany  of  them  follow  the  course  of  the  sun.  When  conok 
pletely  excluded  from  its  influence,  they  become  feeble, 
insipid,  and  colourless ;  but,  when  again  exposed  to  it^ 
they  regain  their  strength,  and  assume  their  former  ap- 
pearance. On  this  depends  the  operation  of  blanching^ 
which  is  merely  excluding  the  plant,  suppose  celery, 
from  light,  by  covering  it  with  earth,  by  which  its  colour 
is  banished,  and  its  flavour  altered. — The  effects  of  light 
on  inanimate  objects  are  numerous.  One  of  these  has 
been  mentioned, — the  blackening  of  marking  ink,  which 
is  owing  to  the  decomposition  of  the  salt  of  silver  it  con* 
tains.  Changes  of  a  similar  nature  are  produced  on  other 
bodies,  which  will  be  afterwards  mentioned. 
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Following  the  order  in  which  the  different  subjects  to 
be  treated  of  have  been  enumerated,  we  ought  next  to 
consider  Electricity  and  Galvanism ;  but  to  enable  the 
reader  to  understand  these,  it  is  necessary  that  he  be 
acquainted  with  the  composition  and  qualities  of  the 
substances  subjected  to  their  influence,  and  which  it 
most  be  supposed  he  has  not  yet  acquired.  It  has  been 
thought  proper,  therefore,  to  defer  the  consideration  of 
them,  till  the  properties  of  inorganic  bodies  have  been 
described.  Should  he  wish,  and  it  may  perhaps  be 
proper  that  he  ought,  to  have  a  general  knowledge  of 
them  before  he  proceeds  farther,  the  article  on  Elec- 
tricity, and  that  on  Galvanism,  so  far  as  the^  discussion 
of  its  chemical  changes,  may  be  cursorily  glanced  over, 
und  by  which  he  will  be  enabled  to  know  how  they  are 
^lied  as  chemical  agents. 
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ATTRACTION. 


Jl  HE  objects  of  the  material  system  are  constantly 
under  the  influence  of  a  power,  by  which  they  are  drawn- 
towards  one  another,  and  indeed,  would  actually  come 
into  contact,  were  they  not  prevented  by  the  operation  of 
other  agents.  Thus  the  heavenly  bodies  are  retained  ia 
their  situations,  and  regulated  in  their  movements,  and 
objects  of  inferior  notice  are  made  to  approach  the  earth. 
This  power,  to  which  the  name  of  Attbactiok  hBB 
been  given,  acts  not  only  on  the  mass,  but  also  on  the 
parts  of  which  bodies  are  composed. 

It  is  universally  allowed,  that  matter  is  made  up  of 
particles,  or  atoms,  as  they  are  called,  and  which  are 
inconceivably  minute.  Thus,  in  reducing  a  piece  of 
marble  to  powder,  each  part  still  continues  a  piece  of 
marble,  having  the  characteristic  features  of  the  mass 
itself;  but  this  division  is  far  short  of  what  we  are  able 
to  accomplish  by  other  means.  Thus,  if  a  grain  of 
green  vitriol  be  dissolved  in  100,000  of  water,  by  the 
application  of  a  proper  test,  as  prussiate  of  potash,  it  can 
easily  be  detected,  and  shewn  to  exist  in  solution  in  every 
drop.  But  a  drop  of  water  can  be  divided  into  smaller 
portions,  so  that  if  we  suppose  it  divisible  into  100  parts, 
the  grain  of  salt  must  have  been  composed  of  at  least 
10,000,000  of  particles. 

The  particles  of  matter  have  been  divided  into  /n- 
tegrant  and  Elementary,  The  former  arc  those  into 
which  a  body  can  be  divided,    and  which  have  the  same 
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properties  as  the  body  itself.  Thus,  in  the  experiments 
mentioned,  the  marble  and  the  salt  of  iron  were  separated 
into  integrant  parts.  Of  course,  in  all  simple  substances 
the  atoms  are  integrant,  but  simples  often  unite  to  form 
compounds,  so  that  the  particles,  into  which  these  can  be 
Teduced,  can  be  made  to  undergo  a  still  farther  separa- 
tion into  their  elementary  parts.  Thus,  if  water,  which 
contains  two  ingredients,  be  passed  over  red  hot  iron, 
one  of  them  unites  with  the  metal,  and  the  other  is  libe- 
rated  in  the  form  of  gas,  so  that  its  integrant  are  thus 
separated  into  elementary  particles.  In  simples,  it  has 
been  already  siud,  that  the  atoms  are  all  integrant ;  in 
compounds,  on  the  contrary,  they  are  both  integrant 
and  elementary. 

In  considering  Attraction,  it  must  be  viewed  as  acting 
either  on  the  mass,  or  on  the  atoms ;  and  in  the  latter  case 
also,  whether  these  are  elementary  or  integrant,  be* 
cause  the  results  vary  according  as  bodies  are  simple  or 
compound.  When  it  operates  on  the  mass,  it  exerts  its 
influence  at  sensible  and  often  immense  distances  ;  where- 
as when  the  particles  are  acted  on,  it  is  necessary  that 
the  objects  be  in  apparent  contact.  This  has  given  rise 
to  the  division  of  attraction  into  the  remote  and  contiguous^ 
the  former  consisting  of  those  of  gravitation^  electricity^ 
and  magnetism;  the  latter  of  cohesion^  adhesion^  and 
^finiiy^  or  chemical  attraction. 

By  gravitation  is  meant  that  power,  by  which  the  ob- 
jects of  the  universe  are  drawn  towards  each  other ;  the 
bodies  of  the  planetary  system  being  by  it  regulated  in 
their  movements.  Newton  ascertained  that  the  force  of 
this  increases  directly  with  the  quantity  of  matter,  and 
decreases  as  the  squares  of  the  distance.  The  magnetic 
and  electric  attractions  are  illustrated,  the  former  by  a 
loadstone  drawing  to  it  a  piece  of  iron,  the  latter  by 
amber,  when  rubbed,  attracting  light  objects.  These  also 
act  on  the  mass,  and  at  sensible  distances. 

The  contiguous  attractions  operate  on  the  atoms,  and 
when  they  are  apparently  in  contact ;  the  cohesive  causing 
those  of  the  same  k'md  of  matter  to  unite,   and  form  an 
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object,  the  characteristic  features  of  which  are  the  same 
as  those  of  the  particles  themselves ;  the  adhesive  uniting 
the  atoms  of  different  bodies,  but  without  altering  their 
properties ;  whereas  the  chemical,  in  effecting  a  union, 
is  accompanied  with  a  change  of  qualities.  Of  the  inti- 
mate nature  of  these  attractions  we  are  completely  ig^- 
rant.  Some  have  supposed  that  they  depend  on  the 
same  cause,  but  modified  by  external  circumstances,  and 
thus  producing  their  diversified  operations  ;  while  others 
imagine  they  are  altogether  different,  and  when  we  con- 
sider what  opposite  effects  are  produced  by  their  opera- 
tion, we  are  almost  naturally  led  to  adopt  this  opinion. 
The  illustration  of  the  phenomena  occasioned  by  the 
remote  attractions,  is  the  province  of  mechanical  philo- 
sophy. To  the  chemist  belongs  the  consideration  of  the 
other  class,  which,  we  shall  find,  presents  a  wide  and  an 
interesting  field  of  inquiry.  In  treating  of  contiguoua 
attractions,  we  have  first  to  consider  the  cohesive,  then 
the  adhesive,  and  lastly,  the  chemical,  or  affinity. 

Cohesive  Attraction. 

Cohesive  attraction  is  that  power  which  causes  the 
particles  of  the  same  body  to  approach  and  unite ;  and 
when  united,  it  retains  them  in  that  state.  Thus,  if  two 
globules  of  quicksilver  on  a  smooth  table  be  brought 
near  each  other,  they  run  together,  and  the  particles  thus 
joined,  will  remain  so  unless  separated  by  some  foreign 
power. 

Cohesive  attraction  exerts  different  forces  in  bodies^  and 
even  in  the  same  body  at  different  times.  It  is  strongest 
in  solids ;  thus,  in  attempting  to  break  a  bar  of  iron,  all 
our  efforts  are  unavailing,  the  particles  are  kept  together 
so  powerfully  by  cohesion.  In  fluids  it  is  not  so  great ; 
the  slightest  force  is  able  to  separate  them,  and  little  or 
no  resistance  is  offered  to  their  assuming  new  arrange- 
ments. That  there  is  a  cohesion,  however,  among  the 
particles  of  bodies  in  this  state,  is  evident  from  the  glo- 
bular form  of  a  drop  of  any  fluid.     If,  for  instance,  a  glass 
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rod  be  dipt  into  water,  on  removing  it,  the  water  adhering 
to  it  assumes  a  globular  form,  the  particles  being  kept  to- 
gether by  cohesion.  In  aeriform  substances,  on  the  con- 
trary, this  power  is  entirely  overcome ;  so  that  there  is 
no  cohesion  among  their  particles,  which,  instead  of  at- 
tracting, repel  each  other.  They  are  made  to  approach 
by  pressure,  and  as  it  is  removed,  they  again  recede. 

Cohesive  attraction  is  also  different  in  the  same  body 
at  different  times,  which  is  occasioned  by  the  powers  that 
tend  to  weaken  it,  as  caloric  and  chemical  attraction. 
When  a  solid  is  heated  it  is  enlarged,  by  which  the 
oobesion  is  so  far  overcome ;  but  if  we  still  continue  the 
addition,  it  becomes  fluid,  the  cohesion  being  still  far- 
ther weakened ;  indeed  so  much  so,  that  the  particles 
move  freely  on  each  other,  and  present  little  or  no  resis- 
tance to  their  separation.  By  continuing  the  applica- 
tk»  of  the  heat,  the  cohesion  is  completely  destroyed, 
and  the  body  then  assumes  the  aeriform  state.  Cohesion, 
is  also  overcome  by  chemical  attraction,  as  is  well  illus- 
trated in  instances  of  solution,  and  also  in  the  action  of 
add  on  metals.  Thus,  if  a  piece  of  zinc,  between  the 
particles  of  which  the  cohesion  is  very  powerful,  be  put. 
into  diluted  oil  of  vitriol,  it  is  soon  dissolved. 

When  caloric  and  chemical  attraction  operate  at  the 
tune  time,  cohesion  is  more  easily  overcome,  and  in  many 
cases  it  is  necessary  to  call  in  the  aid  of  both  before  it 
can  be  completely  destroyed. 

When  tie  powers  which  have  overcome  cohesion  are  with- 
drawn^ ii  again  begins  to  operate j  and  the  stibstance  as* 
swimes  Us  original  form.  Thus  many  aeriform  fluids,  by 
depriving  them  of  part  of  their  caloric,  become  liquid, 
and  liquids,  by  a  still  farther  reduction  of  tepiper^ture, 
are  congealed.  By  withdrawing  also  the  chemical 
attraction  which  had  overcome  the  cohesion,  the  sub- 
stance becomes  fluid  or  solid.  Thus  many  bodies,  when 
held  in  solution  by  water  or  acid,  may  be  separated  by 
chemical  attraction.  If,  for  instance,  a  piece  of  zinc  be 
pat  into  a  solution  of  sugar  of  lead,  and  in  which  the 
metal  is  held  dissolved  by  the  acid  of  vinegar,  lead  is'de- 
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N     .^^wh4iic  :»Uite.     WheD  cohesion  operates 
..«  ui   tho«c  causes,  the  particles  unite 
^  ^^4auiiau4y«  and  form  irregular  masses; 
.1  .iA»uuiiiig  their  original  state,  they  ar- 
v...«^.\«.»  ta  iA  particular  manner,   and  objects  of 
k«  >.  im^h;  aic  prtxluced.     When  it  is  powerful  and 

K^ucu4\,   ihe  body  assumes  an  irregular  form  ; 

.K  v*4uac»  which  have  overcome  it  be  gradually 

..Ku«'»*K   liic  ptiriicles  arrange  themselves  in  a  parti* 

..  ««.  v.uv«  uiJ  ivgularly  shaped  masses,  having  plain  suf* 

ux . ,  *-\i  iu^lcM  (HH'uliar  to  themselves,  are  formed.  The 

...V ^%«*  |movmi\hI  in  this  way  are  called  crystais,  and 

K  ^^ss.^,^^^*^  wvxwkhI  crt/staUization.    A  short  account  of 

.H  ^iiiUuvui  vuvumstances  connected  with  it  is  necessary. 

V  *y.xwttJi.»**4Hm  mai/  be  prodticed  in  two  ways ;  either  bjf 

\  .K\^.^^<uUUiOH  <y'  «  body  made  fluid  by  fieat,  or  by  Ae 

M...  '••%iti>^*  v'/*  tkv  itolvcnt  poxcer  of  a  liquid  which  has  dU^ 

.s\\ss*  •*  HH44A     When  a  substance  has  been  fused,  and  is 

.  U»M^U  io  \HHiUU)wly,  and  without  being  disturbed,  crys- 

.,«\  hu.4\  lu«  lornicil.     To  secure  the  success  of  the  pro- 

,  <.^   iho  w'uhA  ought  to  be  surrounded  by  a  bad  con- 

.i%.%^«<ii   »4«  iiMiui«   fine  ashes,  or  sawdust,   and  after  the 

vU  4    ikhl   u|)|K<r  part  have  congealed,   a  hole  must  be 

UI.4.U  ui  \\w  AUi  runs  and  the  unconsolidated  matter  poured 

.s\k\,  \^\  \\\\i\U  (h«*  inside  will  be  found  to  present  a  bean- 

\\i\\\  v*MiMViir*  of   woil-formed    crystals.     In  this  way, 

»K*i.r  \^\  ^Mlpliur  nmv  be  easily  procured. 

|^o«nHMi«l  iiirthcxl  of  producing  crystallization,  vis. 

.tiKi»^m«   «•  t»V  far  the  most  common;  the  crystals  are 

\\K\\\\\  UiMvr,  mimI  hotter  formed   than  those  obtained  by 

,\\\'  \\\U%\  |mHH'»H.     The  solvent  most  commonly  employ- 

x^l  U  wHh't      i*rvMtaIliffation  by  solution  is  conducted  in 

^\\%«  \^<i\«  I  %M\\vr  by  evaporation,  or  by  diminishing  the 

.^iUvA^MH^wvi  of  tlu*  fluid  by  a  reduction  of  temperature. 

|*Hv  v^4|H^^t'»*"  lurty  he  carried  on   spontaneously,  or 

Vx  sUy  A\s\  »^  •««*<*<•     When  the  crystals  are  required  to 

h^'  Ui^^s  i^sHMiw*  in  commonly  had  to  the  former,  as  the 

«l^i«,«  u  Muviv  jiimlually  carried  off  by  it  than  by  the  lat- 

k^^,     II  ^mv  1^  two  well-formed  crystals  of  the  substance 
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m  solution,  be  put  in  during  the  evaporation,  the  8uc« 
ccM  of  the  process  is  more  obtain. 

Most  bodies  are  more  soluble  in  hot  than  in  cold  wa. 
tor.  If,  therefore,  a  saturated  solution,  or  which  is  bet* 
ter,  one  nearly  so  at  a  bcnling  heat,  be  allowed  to  cool 
sbwlj,  which  is  done  by  surrounding  the  vessel  with  a 
bad  conductor,  the  part  that  the  water  cannot  keep  difr> 
solved,  when  it  cools,  is  deposited,  and  the  deposition 
going  on  gradually,  crystals  are  formed,  and  the  greater 
the  quantity  of  the  solution,  and  the  more  slowly  it  cools, 
the  better. 

In  both  of  these  methods,  the  fluid  left  after  a  orc^ 
of  crystals  has  been  obtained,  is  one  saturated  at  a  nar 
tural  temperature,  so  that,  by  boiling  off  a  part  to  make 
it  saturated,  another  crop  may  be  got,  or  it  may  be  made 
to  yield  crystals,  by  evaporating  slowly,  either  by  heat 
or  spontaneously. 

The  access  of  air  seems  necessary  Jbr  crysioUizaiiany  at 
least  it  has  an  important  influence  over  it.  Thus,  if  we 
have  a  saturated  solution  of  glauber  salt,  at  a  boiling 
heat,  and  withdraw  the  air  from  the  vessel,  there  is 
no  deposition  when  it  cools,  but  on  the  admission  of  it, 
crystallisation  commences.  This  is  easily  shown  by  boil* 
ing  in  a  flask  a  solution  of  the  salt,  till  it  becomes  satu^ 
rated,  by  which  the  whole  of  the  air  is  expelled.  When 
in  this  state  cork  it  tightly,  and  then  surround  it  by  saw- 
dust, and  as  the  temperature  falls  there  will  be  a  vacuum 
by  the  condensation  of  the  vapour,  but  the  whole  con* 
tioues  fluid.  On  removing  the  cork,  the  crystallizing 
piocess  instantly  commences,  and  all  that  part  of  the 
salt,  which  the  fluid  ought  to  have  deposited  as  its  tern* 
perature  fell,  becomes  solid.  Though  air  is  necessary 
£ar  this  process,  yet  it  seems  to  act  merely  by  its  pressure, 
probably  bringing  the  particles  near  enough  to  enable  them 
to  unite  and  form  a  solid ;  an  idea  which  is  strengthened 
by  the  fact,  that  though  a  fluid  is  relieved  of  the  pressure 
of  the  atmosphere,  yet,  if  subjected  to  that  of  a  column 
of  mercury,  crystallization  takes  place. 

CrysUiaixation  may  likewise  be  preverUedy  by  causing 
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the  fiaid  io  cool  very  graduoOy^  and  withoui  the  sli^ 
agitation.  Thus,  if  a  saturated  solution  of  glauber  salt 
in  a  flask,  be  surrounded  by  a  bad  conductor,  a  cork 
being  placed  into  the  mouth  of  it,  to  prevent  the  ad* 
mission  of  objects  floating  in  the  atmosphere,  it  will  al- 
low its  temperature  to  fall  many  degrees  below  that  at 
which  it  ought  to  have  deposited  crystals,  without  anj 
being  formed.  The  moment,  however,  that  a  piece  of 
the  salt  is  thrown  in,  crystallization  commences,  and  the 
whole  of  that  which  ought  to  have  been  consolidated  as 
the  temperature  fell,  is  separated.  This  is  supposed  to 
operate  by  the  agitation  occasioned  by  the  introduction  of 
the  salt ;  for  it  is  well  known,  that  throwing  in  any  other 
body,  or  even  shaking  the  vessel,  causes  the  crystallisaF- 
tion  of  a  fluid  under  similar  circumstances. 

A  nucleus  in  the  fluid  also  favours  the  crystallizing 
process ;  hence  the  introduction  of  a  few  well-formed  crys* 
tals  into  a  solution  undergoing  evaporation,  causes  the 
formation  of  others  of  a  regular  shape. 

During  crystallization  heat  is  evolved.  When  the  crys* 
tals  are  slowly  formed,  its  extrication  is  gradual,  and 
scarcely  perceptible  ;  but  when  they  are  quickly  depo- 
sited, it  is  sufficient  to  afi^ect  a  thermometer,  and  this  is 
well  illustrated  in  those  instances,  in  which  the  tempera- 
ture has  fallen  below  that  at  which  crystals  ought  to  have 
been  formed.  Thus,  if  a  warm  saturated  solution  of 
glauber  salt  be  surrounded  by  saw-dust,  and  two  or  three 
hours  afterwards  a  thermometer  be  put  into  it,  the  crys- 
tallizing process  does  not  go  on  as  the  fluid  cools.  But 
on  causing  it  to  take  place,  by  throwing  in  a  crystal,  the 
thermometer  is  instantly  affected.  Of  course,  the  rise  of 
temperature  is  accounted  for,  either  by  the  disengage- 
ment of  latent  heat,  or  by  the  change  in  capacity,  as  has 
been  already  illustrated  when  treating  of  fluidity. 

Two  or  more  solids  are  often  contained  in  the  same  m>- 
lutiony  but  they  can  be  easily  separated  by  crystallization  ; 
because,  as  salts  require  different  quantities  of  water  to 
dissolve  them,  if  a  fluid  of  this  kind  be  evaporated,  they 
will  be  deposited  in  the  order  of  their  solubility,  that 
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which  is  least  soluble  being  first  separated ;  hence  on 
making  the  solution  saturated  at  a  boiling  temperature, 
it  wiU  on  cooling  deposit  crystals,  and  by  removing  these, 
the  others  may  be  obtained  by  farther  evaporation. 

Crystals  procured  by  fusion,  differ  from  those  got  by 
solution,  as  they  in  general  contain  some  of  the  solvent  { 
and  as  that  commonly  employed  is  water,  what  they  re- 
tain is  called  water  of  crystallization.  In  some  cases  the 
quantity  is  small,  but  in  others  it  is  large,  as  in  common 
soda,  in  which  it  actually  amounts  to  about  ^Sds  of  the 
wdght  of  the  crystals.  This  difference  in  the  quantity 
of  water  gives  them  particular  properties.  Thus,  those 
which  have  but  little  of  it  when  heated,  undergo  what  is 
called  decrqniation  ;  their  particles  are  separated  with  a 
crackling  noise,  owing  to  the  sudden  conversion  of  the 
water  into  vapour,  the  expansive  force  of  which  bursts 
asunder  the  parts  of  the  salt ;  sea  salt  affords  an  instance 
of  this.  Those,  on  the  other  hand,  which  contain  much 
water  of  crystallization,  when  exposed  to  heat,  undergo 
what  is  called  watery Jusion^  which  is  the  solution  of  the 
sidt  in  .  the  water ;  and  that  it  is  so  is  known  by  conti- 
nuing the  heat,  by  which  the  matter  becomes  solid,  and 
requires  after  this  a  higher  temperature  for  its  liquefac- 
tion.    Glauber  salt  affords  an  instance  of  this. 

When  speaking  of  crystals,  terms  are  employed  to  de- 
note '  particular  changes  that  have  taken  place  during 
their  formation.  A  crystal  is  said  to  be  bevelled,  when 
the  sides  or  terminal  planes  are  so  altered,  that  instead 
of  these,  there  are  two  converging  like  the  roof  of  a 
house.  '  It  is  truncated  when  the  edges  or  angles  are  cut 
off,  so  as  to  form  a  plane,  where  there  should  have  been  an 
edge  or  angle.  It  is  cumminated,  when,  instead  of  the 
angles  or  terminal  planes,  there  are  three  or  more  faces 
convergmg  so  as  to  form  a  point  or  pyramid. 

•  Wheni  crystals  are  examined,  they  present  a  variety  of 
qrmmetric  forms, >  but  each  substance  has  a  figure  pecu- 
tiar  to  itself,  and  within  a  certain  limit  this  seldom  varies ; 
thus,  sea  salt  crystallizes  in  cubes,  glauber  salt  in  ob- 
lique rhombic  prisms.     A  considerable  variety,  however. 
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often  occurs  in  the  same  body ;    but  in  these  cases  eadk 
presents  one  invariable  figure  as  its  appropriate  Cfot^ 
from  which  all  the  diversities  have  sprung.     This  is  caU^ 
ed  the  primiHvef  and  the  others  formed  from  it  the  «^ 
condary  or  derivaHve  form.  '  The  idea  that  crystals  con- 
tain a  particular  form,  different  from  that  of  the  crystal 
itself,  but  from  which  its  figure  may  be  derived,  seems 
to  have  originated  with  Bergman,  and  which  was  adopted 
by  Rom^  de  Tlsle,  as  the  basis  of  his  system  of  crystaUo* 
graphy.     In  order  to  discover  the  forms  from  which  all 
the  secondary  figures  may  be  derived,  he  entered  into  a 
geometrical  investigation  of  what  he  conceived  to  be  the 
different  primitive  ones,  and  to  account  for  the  variety 
of  crystals,  he  imagined  that  some  circumstance  may  oo< 
cur  during  their  formation,  which  may  not  act  equally 
on  all  sides,  and  consequently  a  redundance  or  deficiency 
may  be  th^  result,  and  these  taking  place  on  the  edge^ 
faces,  or  angles,  an  immense  number  of  differently  formed 
crystals  may  be  procured  from  the  same  primitive  figure^ 
These  speculations  of  Bergman,  and  De  Tlsle,  wer^ 
afterwards  confirmed  by  the  experiments  of  Hauy,  who 
has  shown  that  crystals  do  contain  a  primitive  form  $ 
that,  however  much  those  of  any  body  may  vary,  they 
contain  a  central  form  or  nucleus,   which  is  the  same 
in  all  the  variieties.     These,  he  says,  may  be  discovered 
by  a  mechanical  analysis  or  dissection  of  the  crystal.  In* 
deed  he  was  led  to  this  discovery  by  observing,  that  in 
breaking  a  six-sided  prism  of  carbonate  of  lime,  it  did 
not  split  off  parallel  to  the  sides,  but  in  an  oblique  direo* 
tion ;    each  fracture   caused  by  the  blow  presenting  a 
smooth  surface,  till  at  last  he  procured  a  body  of  a  rhom* 
boidal  form,  which  by  repeated  blows  was  diminished, 
but  not  in  the  least  altered  in  its  figure.     On  treating 
other  varieties  of  crystals  of  the  same  body  in  a  similar 
manner,  he  found,  that  however  different  in  shape,  it 
always  yielded  a  rhomb,  and  hence  this  was  considered 
the  primitive  form.     The  primitive  forms  of  Hauy  are 
the  paraUdipepidon,  which  includes  the  cube,  the  rhombf 
and  all  solids  having  six  faces  parallel  two  by  two ;    the 
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ieirakedroni  the  odohedron;  the  regular  hescahedral 
priam  ;  Ihe  dodecahedron  with  equal  and  simiUr  rhom* 
boidalplanes;  and  the  dodecahedron  with  triangular fianee. 
From  diese,  Hauj  says,  all  the  variety  of  crystals  may 
be  procured,  the  diversity  being  occasioned  by  a  decrease 
in  the  number  ct  particles,  during  the  formation  of  the 
secondary  on  the  primitive  form  ;  and  if  we  suppose  that 
dus  may  take  place  either  on  the  edges  or  angles^  and 
sometimes  on  all  of  these,  and  at  others  only  on  some  of 
them,  and  occasionally  varying  from  one  edge  or  angle  to 
another,  it  is  easy  to  conceive,  that  on  the  same  primitive 
igare  an  immense  variety  of  differently  shaped  crystals 
■ay  be  produced. — For  a  full  illustration  of  this  subject, 
which  the  limits  of  this  work  do  not  admit,  the  reader 
is  referred  to  Philip^s  Introduction  to  Mineralogy,  and 
Brooke's  Introduction  to  Crystallography. 

Adhesive  Attbaction. 

Adhesive  attraction  is  distinguished  from  the  cohesive, 
by  its  causing  different  bodies  to  adhere.  Thus,  if  a  plate  of 
g^aas  be  dipt  in  water,  part  of  the  fluid  attaches  itself  to 
it;  or  when  a  liquid  is  contained  in  a  glass  jar,  the  edges 
are  observed  to  be  higher  than  the  surface.  If  a  piece 
of  sponge  also,  or  of  sugar,  be  partly  immersed  in  water, 
the  whole  soon  becomes  moist ;  and  when  a  tube  with  a 
very  fine  bore  is  put  into  it,  the  fluid  is  higher  in  the  in- 
dde  than  on  the  outside.  These  are  all  caused  by  ad- 
btfdve  attraction.  In  the  last  inst^ice,  it  is  commonly 
called  Capillary  aMracHony  from  its  making  fluids  rise  in 
capillary  tubes  ;  and  the  same  is  also  said  to  be  the  case 
with  the  sponge  and  sugar,  the  fluid  rising  through 
Aem  by  capillary  attraction. 

Chsmical  Attbaction. 

Chemical  attraction  is  that  power  by  which  the  particles 
0t  dUsimilar  obfectSj  when  brought  into  contact,  are  made 
to  unite,  forming  a  compound,  having  properties  diffe- 
rent from  those  of  its  ingredients.  It  is  distinguished 
firom  gravitation  by  its  taking  place  at  no  sensible  dis- 
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tancCf  and  among  the  atoms  of  bodies.  Cohesion  is  exert- 
ed among  the  particles  of  the  same  body,  and  when  these 
are  united,  the  properties  are  not  different  from  what 
they  were  before  the  union.  The  term  Affinityj  has  gene- 
rally been  employed  to  denote  this  power,  but  this  term,  it 
must  be  remarked,  is  often  used  in  a  double  acceptation; 
to  denote  both  the  power,  by  which  the  particles  of  diffe* 
rent  bodies  are  made  to  unite,  and  also  the  changes  pro- 
duced by  its  operation  ;  in  the  one  meaning  the  cause,  in 
the  other  the  effect.  * 

When  substances,  between  which  there  is  an  attraction, 
are  presented  to  each  other,  and  a  change  ensues,  it  is 
said  that  a  Chemical  Action  has  taken  place.  It  is  neces* 
sary,  therefore,  to  draw  the  distinction  between  the  terms 
Chemical  Attraction,  and  Chemical  Action.  By  the.Iat- 
ter,  is  meant  the  change  that  follows  the  application  of 
bodies  to  one  another,  and  by  which  their  properties  are 
altered.  By  the  former,  is  to  be  understood  the  power 
which  has  induced  this  change. 

It  has  been  already  mentioned,  that  the  term  affinity 
has  been  used  to  denote  both  the  cause  and  the  effect  of 
that  power  by  which  bodies  are  made  to  combine,  and 
form  new  compounds.  It  will  be  better,  therefore,  to 
employ  Affinity,  and  Chemical  Attraction,  to  express  the 
former,  and  Chemical  Action  the  lat\er. 

Chemical  action  does  not  always  take  place  when  sub- 
stances  are  mixed.  Thus,  if  oil  and  water  be  shaken  to^ 
gether,  they  do  not  act ;  but  if,  instead  of  using  water^ 
lime-water  be  employed,  an  action  ensues,  the  particles 
of  the  oil  unite  with  those  of  the  lime,  and  form  a  new 
compound.  When  substances  which  are  simple  are 
made  to  act,  this  is  the  only  result.  It  is  called  Com- 
bination or  Synihesisy  («-vyT%«i,  to  put  together,)  and 
when  a  compound  is  formed  in  this  way,  it  is  said  to  be 
procured  by  Synthesis.  Substances  are,  however,  fre. 
quently  composed  of  two  or  more  ingredients,  and  when 
an  action  takes  place  between  them,  it  is  in  general 
much  more  complicated.  When,  for  instance,  a  body  of 
one  ingredient  A,  is  added  to  a  compound  BC,  A  may 
unite  with  B,  form  AB,  while  C,  the  other  ingredient,  is 
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set  free.  Thus,  when  chalk,  which  consists  of  lime  and 
a  gas  called  carbonic  acid,  is  placed  in  a  retcnrt  A,  and 
muriatic  acid  poured  on  it,  the  muriatic  acid  unites  with 
the  lime,  from  which  the  carbonic  acid  is  separated,  and 
may  be  collected.  The  compound  of  the  acid  and  lime 
remaiDs  in  the  retort ;   the  gas  is  collected  in  the  jar   C, 


placed  on  a  water-trough  B.  In  this  instance,  we  have  the 
ingredients  Band  C  separated,  and  BC  is  therefore  said  to  be 
decowipoted.  This,  then,  in  chemical  language,  is  called 
decony)Oiiiian  or  analysis^  («y«Xtf4»,  to  separate.)  But,  in 
this  case,  there  is  also  combination.  A  has  combined 
with  B,  so  that  there  is  both  combination  and  decompo- 
ntion.  When  bodies  are  simple,  combination  is  the  on- 
ly result ;  but  when  they  are  compound,  there  may  be 
both  combination  and  decomposition. 

The  difference  between  the  integrant  and  elementary 
atoms  has  been  already  stated.  By  the  former  is  meant, 
the  smallest  particle  of  a  body,  and  which  has  the  same 
properties  as  the  body  itself.  The  elementary,  on  the  con- 
trary, are  those  of  which  the  integrant  are  composed,  these 
having  properties  different  from  each  other,  and  from  those 
of  the  particles  which  they  form  by  their  union.  The 
latter  are  united  by  chemical  attraction,  the  former  by 
cohesion.  When,  then,  an  action  ensues  on  the  applica- 
tion of  bodies  to  each  other,  the  attraction  is  exerted 
at  one  time  among  the  integrant  particles,  as  when  two, 
each  composed  of  two  ingredients,  unite  to  form  a  new 
compound,  of  course  containing  all  the  four.  At  other 
times  it  operates  among  the  elementary,  as  when  decom- 
position ensues ;  thus,  in  the  instance  mentioned,  some  of 
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tance^  and  among  the  atoms  of  bodies.  Cohesion  is  exert- 
ed among  the  particles  of  the  same  body,  and  when  these 
are  united,  the  properties  are  not  different  from  whal 
they  were  before  the  union.  The  term  Affinity^  has  gene* 
rally  been  employed  to  denote  this  power,  but  this  term,  it 
must  be  remarked,  is  often  used  in  a  double  acceptation; 
to  denote  both  the  power,  by  which  the  particles  of  diffe* 
rent  bodies  are  made  to  unite,  and  also  the  changes  pro- 
duced by  its  operation  ;  in  the  one  meaning  the  cause,  in 
the  other  the  effect. 

When  substances,  between  which  there  is  an  attraction, 
are  presented  to  each  other,  and  a  change  ensues,  it  is 
said  that  a  Chemical  Action  has  taken  place.  It  is  neces* 
sary,  therefore,  to  draw  the  distinction  between  the  terms 
Chemical  Attraction,  and  Chemical  Action.  >  By  the  lat- 
ter, is  meant  the  change  that  follows  the  application  of 
bodies  to  one  another,  and  by  which  their  properties  are 
altered.  By  the  former,  is  to  be  understood  the  power 
which  has  induced  this  change. 

It  has  been  already  mentioned,  that  the  term  affinity 
has  been  used  to  denote  both  the  cause  and  the  effect  of 
that  power  by  which  bodies  are  made  to  combine,  and 
form  new  compounds.  It  will  be  better,  therefore,  to 
employ  Affinity,  and  Chemical  Attraction,  to  express  the 
former,  and  Chemical  Action  the  lat\er. 

Chemical  action  does  not  always  take  place  when  sub- 
stances  are  mixed.  Thus,  if  oil  and  water  be  shaken  to^ 
gether,  they  do  not  act ;  but  if,  instead  of  using  water^ 
lime-water  be  employed,  an  action  ensues,  the  particles 
of  the  oil  unite  with  those  of  the  lime,  and  form  a  new 
compound.  When  substances  which  are  simple  are 
made  to  act,  this  is  the  only  result.  It  is  called  Com- 
bination or  Synthesis^  («-vyT%«i,  to  put  together,)  and 
when  a  compound  is  formed  in  this  way,  it  is  said  to  be 
procured  by  Synthesis.  Substances  are,  however,  fre. 
quently  composed  of  two  or  more  ingredients,  and  when 
an  action  takes  place  between  them,  it  is  in  general 
much  more  complicated.  When,  for  instance,  a  body  of 
one  ingredient  A,  is  added  to  a  compound  BC,  A  may 
unite  with  B,  form  AB,  while  C,  the  other  ingredient,  is 
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set  firee.  Thus,  when  chalk,  which  consists  of  lime  and 
a  gas  called  carbonic  acid,  is  placed  in  a  retort  A,  and 
muriatic  acid  poured  on  it,  the  muriatic  acid  unites  with 
the  lime,  from  which  the  carbonic  acid  is  separated,  and 
may  be  collected.  -  The  compound  of  the  acid  and  lime 
remains  in  the  retort ;   the  gas  is  collected  in  the  jar   C, 


placed  on  a  water-trough  B.  In  this  instance,  we  have  the 
ingredientsB  and  C  separated,  and  BC  is  therefore  said  to  be 
decomposed.  This,  then,  in  chemical  language,  is  called 
decompontion  or  analysis^  («y«Xtf4»,  to  separate.)  But,  in 
this  case,  there  is  also  combination.  A  has  combined 
with  B,  so  that  there  is  both  combination  and  decompo- 
ntion. When  bodies  are  simple,  combination  is  the  on- 
Ij  result ;  but  when  they  are  compound,  there  may  be 
both  combination  and  decomposition. 

The  difference  between  the  integrant  and  elementary 
atoms  has  been  already  stated.  By  the  former  is  meant, 
the  smallest  particle  of  a  body,  and  which  has  the  same 
properties  as  the  body  itself.  The  elementary,  on  the  con- 
trary, are  those  of  which  the  integrant  are  composed,  these 
having  properties  different  from  each  other,  and  from  those 
of  the  particles  which  they  form  by  their  union.  The 
latter  are  united  by  chemical  attraction,  the  former  by 
cohesion.  When,  then,  an  action  ensues  on  the  applica- 
tion of  bodies  to  each  other,  the  attraction  is  exerted 
at  one  time  among  the  integrant  particles,  as  when  two, 
each  composed  of  two  ingredients,  unite  to  form  a  new 
compound,  of  course  containing  all  the  four.  At  other 
times  it  operates  among  the  elementary,  as  when  decom- 
position ensues ;  thus,  in  the  instance  mentioned,  some  of 
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the  elementary  particles  of  the  marble  have  combined 
with  those  of  the  acid,  while  the  others  were  set  free  in 
the  form  of  gas. 

ThiU  chemical  attraction  may  operate,  and  produce 
chemical  action^  it  is  necessary  thai  the  substances  be 
brought  as  near  as  possible.  Many  bodies,  when  mixed, 
do  not  act,  till  means  are  employed  to  approximate  their 
particles,  as  friction  or  percussion.  Thus,  when  flowers 
of  sulphur  are  mixed  with  the  powder  of  the  salt  called 
chlorate  of  potass,  there  is  no  chemical  action  ;  but  on 
rubbing  them  in  a  mortar,  they  instantly  explode.  Here^ 
it  is  supposed  that  the  friction  has  operated,  in  a  great 
measure,  by  bringing  the  particles  of  the  one  near  enough 
to  those  of  the  other,  to  enable  the  attraction  to  produce 
its  effects. 

It  is  in  general  also  necessary,  that  one  or  both  of  the 
bodies  be  fluid.  Thus,  when  nitre  and  flowers  of  suU 
phur  are  mixed,  there  is  no  action  ;  but  if  the  former  be 
melted,  and  the  latter  thrown  into  it,  it  is  instantly  kind- 
led, and  bums  with  a  bright  white  flame,  giving  off  very 
noxious  fumes.  Though  in  general  one  or  both  of  the 
substances  must  be  fluid,  yet  this  is  not  always  necessary. 
Thus,  in  the  former  instance  of  the  sulphur  and  salt,  both 
are  solid,  yet  there  is  an  action  when  they  are  rubbed. 

In  the  experiment  of  sulphur  and  nitre,  the  fluidity 
was  occasioned  by  heat.  In  others,  it  is  effected  by  wa- 
ter, which  dissolves  one  or  both  bodies.  Thus,  when 
potashes  are  mixed  with  the  substance  called  oxalic 
acid,  there  is  no  action ;  but  on  adding  a  little  water,  it 
instantly  commences,  and  is  accompanied  with  the  disen- 
gagement of  an  aeriform  fluid,  which  is  one  of  the  ingre- 
dients of  the  former. 

Caloric  in  general  favours  the  operation  of  chemical  at^ 
traction.  Many  bodies,  when  mixed  at  a  natural  tem- 
perature, remain  in  that  state ;  but  when  heat  is  applied, 
an  action  commences.  On  the  contrary,  cold  or  the  ab- 
straction of  heat  in  general  retards  it,  of  which  we  have  a 
good  instance  on  mixing  aquafortis  with  spirit  of  wine. 
When  the  acid,  previously  diluted  with  about  twice  its 


CHEMICAL  ATTRACTIOPf.  187 

bulk  of  water,  is  put  into  a  flask,  with  an  equal  quantity 
of  alcohol,  there  is  no  action,  but  on  applying  a  slight 
beat,  it  commences,  and  is  accompanied  with  the  disen- 
gagement of  gas,  which  may  be  kindled  mi  the  approach 
of  flame.  On  putting  the  vessel  into  cold  water,  the  ae- 
tifla  instantly  ceases,  the  flame  being  extinguished,  and 
CB  again  applying  heat,  it  commences. 

By  the  operation  then  of  attraction,  bodies  are  made 
to  unite,  and  form  new  compounds.  When  this  is  the 
case,  an  aUeraiicn  ofprcperHes  is  the  result;  the  com- 
poond  no  longer  possessing  those  of  its  ingredients. 
Henoe  we  find  the  form,  the  taste,  or  the  smell,  al- 
tered. The  chemical  properties  have  likewise  un- 
dergone a  change,  of  which  we  have  a  good  instance, 
IB  the  result  of  the  action  of  an  acid  and  an  alkali.  The 
distinguishing  feature  of  the  former,  is  making  a  vege- 
table colour  red ;  hence,  if  we  add  a  few  drops  of  sul- 
phuric acid,  or  oil  of  vitriol,  as  it  is  commonly  called, 
to  the  blue  infusion  obtained  by  steeping  the  leaves  of 
red  cabbage  in  water,  the  colour  is  instantly  redden- 
ed. The  distinguishing  character  of  an  alkali,  is  mak- 
ing the  vegetable  colours  green ;  hence,  when  a  few 
diops  of  soda  are  added  to  the  same  solution,  it  becomes 
green.  Oil  ot  vitriol  and  soda  have  a  very  strong  attrac- 
tion for  each  other.  When  mixed,  they  unite,  and 
form  a  new  compound,  and  which  has  no  eflect  whatever 
OB  T^^table  colours.  If,  then,  the  infusion  to  which 
die  acid  was  added,  be  mixed  with  that  containing  the 
soda,  in  prc^r  proportions,  the  acid  and  the  alkali  com- 
blne>  and  the  original  colour  returns,  because  the  com- 
pound formed  does  not  act  on  the  colouring  matter.  In 
this  case,  also,  the  corrosive  qualities  of  both  are  destroy- 
ed; in  fact,  Glauber  salt  is  formed. 

It  must  not,  however,  be  supposed,  that  the  properties 
are  in  every  case  destroyed.  Thus,  when  sugar  or  salt 
is  dissolved  in  water,  which  is  a  case  of  chemical  ac- 
tion, the  qualities  are  little  altered.  In  most,  however, 
there  is  a  total  change,  and  when  it  is  so,  the  bodies  are 
said  to  have  saturated  or  neutralized  each  other. 
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Changes  produced  by  Chemical  Attraction. 

Of  the  alterations  produced^  none  is  more  striking  l&on 
a  change  of  form.  This  sometimes  takes  place  in  one, 
occasionally  in  both  substances ;  we  have  often  two 
fluids  becoming  solid,  as  when  diluted  oil  of  vitriol  is 
mixed  with  a  solution  of  the  substance  called  muriate  of 
lime.  On  the  contrary,  two  solids  may  become  fluid. 
Thus,  when  ice  and  sea  salt  are  mixed,  they  act  on  each 
other,  and  are  very  soon  liquefied.  It  frequently  hap- 
pens that  a  gas,  or  aeriform  body,  is  given  off  from  a 
solid  or  fluid ;  as  when  chalk,  or  a  solution  of  potasheSf 
is  thrown  into  muriatic  acid.  Perhaps  the  most  common 
change  is  when  a  solid  and  a  fluid  act,  and  the  former 
becomes  liquid.  In  this  case,  it  is  generally  supposed 
that  the  fluid  is  the  active  agent,  that  it  is  the  cause  of 
the  solid  assuming  the  same  form,  it  is  said,  therefore^ 
to  dissolve  it,  and  the  process  is  called  solution,  the  fluid 
itself  being  termed  a  solvent,  f^words  derived  from  solvOf 
to  loosen.)  The  fluid  is  also  frequently  called  a  men- 
struum, a  term  given  by  the  ancients,  and  derived  trook 
mensis,  a  month,  many  of  their  processes  requiring  a 
considerable  time  to  complete  them.  Thus,  when  a  salt 
is  put  into  water,  or  alcohol,  a  watery  or  alcoholic,  solu* 
tion  is  formed;  or,  as  it  is  sometimes  called,  a  solution  in 
a  watery  or  alcoholic  menstruum. 

When  two  fluids  act,  and  a  solid  is  formed,  which  faUs 
to  the  bottom,  precipitation  is  said  to  take  place;  and  the 
solid  is  called  a  precipitate,  (predpito^  to  throw  down.) 
Thus,  when  a  solution  of  sugar  of  lead  is  mixed  with 
that  of  Glauber  salt,  a  white  powder  is  precipitated. 
When,  on  the  contrary,  an  aeriform  body  is  given  off, 
either  from  fluids  or  solids,  or  by  the  action  of  a  fluid 
and  a  solid,  effervescence  is  said  to  occur,  and  the  bodies 
are  said  to  effervesce,  (effervesco,  to  boil  over.)  Thus, 
when  potashes,  or  a  piece  of  chalk,  is  thrown  into  muri- 
atic acid,  there  is  an  effervescence,  or  the  escape  of  gas. 

Another  very  common  change  accompanying  chemical 
action  is,  an  alteration  in  tfi€  bulk  of  the  substances.  When 
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this  happens,  they  in  general  occupy  less  space  than  be* 
torej  though  in  some  instances  they  are  enlarged.     It  is 
well  known,  that  when  a  very  strong  spirit  is  mixed  with 
vater^  there  is  a  condensation.     Thus,  if  50  gallons  of 
•Bcfa  be  used,  there  are  only  about  97  of  the   mixture. 
The  condensation  accompanying  chemical  action  is  well 
iUostratedy  also,  by  oil  of  vitriol  and  water.     If  50  mea- 
snics  of  acid  be  mixed  with  50  of  water,  they  enter  into 
BDioo,  and  give  considerably  less  than  100  measures.    In 
this  case,  the  condensation  is  at  first  slight,  because,  ow* 
log  to  the  action,  there  is  a  disengagement  of  heat,  which 
causes  expansion;  but  if  the  mixture  be  kept  for  a  few 
hours,  to  allow  it  to  regain  its  original  temperature,  it 
will  be  found  to  occupy  much  less  space  than  the  sub- 
stimoee  separately,  there  being  only  about  93  measures. 
On  the  contrary,  instead  of  an  increase,  there  is  a  dimi- 
■ntion  of  density.     Thus,  when  some  of  the  metals  unite, 
they  form  compounds  called  alloys,  the  density  of  which 
is  less  than  the  mean  of  those  of  the  metals  when  separate. 

The  next,  and  most  remarkable  occurrence  during 
diemical  action  is,  a  change  of  iemperaiure,  or,  as  it  is 
Qsually  called,  a-generation  of  heat  or  ookL  The  altera* 
lion  is  in  many  cases  considerable,  in  others  it  is  less 
sbiking  ;  in  almost  every  instance,  however,  some  change 
does  take  place ;  indeed,  nearly  all  the  means  of  pro* 
ducing  heat  and  cold  are  derived  from  this  source. 

The  rise  of  temperature  may  be  shewn,  by  pouring  oil 
of  vitriol  on  recently  burned  lime ;  they  enter  into  unicHit 
■nd  heat  is  given  out,  sufficient  to  drive  off  part  of  the 
add  in  vapour.  In  other  instances  in  which  fluids  act 
with  each  other,  there  is  a  disengagement  of  heat.  Thus, 
when  equal  measures  of  oil  of  vitriol  and  water  are  mixed, 
heat  is  trwclred  sufficient  to  cause  water  to  boil,  or  even 
to  set  fire  to  some  inflammables.  If  a  small  piece  of 
phosphorus,  in  tow,  be  put  on  the  glass  in  which  the 
mixture  is  made,  the  moment  the  fluids  are  stirred  t» 
cause  them  to  corafaine,   it  is  kindled. 

The  instances  mentioned  are  cases  of  chemical  action 
between  solids  and  fluids.    The  evolution  of  heat,  by 

vou  I.  I 
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conibustion,  affords  a  good  example  of  the  rise  of  tenf^ 
perature  during  the  action  of  these  with  an  aerifonil 
body  V  this  process  depending  on  the  union  of  the  in- 
flammable  with  a  part  of  the  air  of  the  atmosphere. 

Instead  of  the  disengagement  of  heat,  we  have  fre^p 
qiiently  the  production  of  cold,  as  when  solids  are  dis- 
solved, or  when  they  act  on  each  other,  and  both  become 
liquid.  Thus,  whto  ice  and  sea  salt  are  mixed,  there  k 
ani immediate  chemical  action;  both 'become  fluid,  and 
daid  is  generated..'^  How  the  ri^  and  fall  of  itenqperatuRi 
initiiese<fasesisficaK8iG9ied,  lias  been  alrt^y  fully  iiUu«(t 
iratDduhde^.-Bluidity  and:Et»porati6n^  .and  alspiiftidM; 
Soureesrof  Heat  and  Cold.  i   i^ 

Of  the  Powers  which  exert  an  influence  ox)er  Attraction^ 

Chemical  action  varies  at  difierent  times,  even  i^ 
mong  the  same  bodies  ;  which  has  given  rise  to  the  idea; 
that  attraction  is  influenced  by  particular  circumstancesy 
and  that  it  is  by  the  operation  of  these,  and  not  by  any 
diflerence  in  the  attraction  itself,  that  the  results  are  90 
difierent.  Berthollet  has  paid  particular  attention  to 
this  subject ;  indeed,  it  is  to  him  that  we  are  indebted  for 
almost  all  we  know  concerning  it.  His  illustrations  of  it- 
are  to  be  found  in  his  Essay  on  Afiinity,  and  in  bi» 
Chemical  Statics. 

In  considering  the  circumstances  which  afiect  afiinity, 
we  must  view  it  cither  as  producing  only  combination,  or 
both  combination  and  decomposition.  Those  which  haTe- 
an  influence  over  attraction,  producing  combination,  arv 
cohesiofiygraviti/^  condensation^  elasticity^  and  temperature. 
Those  affecting  the  attraction  among  compounds,  ph>- 
ducing  decomposition,  are  the  same,  with  quantity^  or 
a  difference  in  the  proportions. 

The  first  of  the  circumstances  that  afiect  the  operatioa 
of  afiinity  is  co/iesiony  which  is  strongest  in  solids^' 
and  it  is  in  these  only  that  it  has  any  influence.  When 
two  substances,  between  which  there  is  a  chemical  attrac- 
ticm,  are  mixed,' it  is  evident  that  the  result  must  depend' 
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greatly  on  the  state  of  cohesion.      If  the  affinity  be 
itroogy  it  overcomes  the  cohesion ;  but  if  weak,  it  is 
oferpowered  by  it,  and  little  or  no  action  ensues.     Hence 
the  cause  of  chemical  action  occurring  so  rarely  between 
solids ;  the  particles  of  the  two  bodies  are  not  only  too 
bn  removed  from  one  another,   but  that  force  which 
keeps  those  of  each  together,  offers  so  strong  a  resistance 
to  their  separation,   that  the  chemical  attraction  cannot 
oteroome   it.     With  respect  to  a  solid  and  fluid,  the 
aetioa  depends  also  entirely  on  the  state  of  cohesion  of 
Ike  former.     Thus,   when  a  lump  of  iron  is  put  into 
aquafortis,  previously  mixed  with  its  own  bulk  of  water, 
there  is  scarcely  any  action;  but  if  this  be  removed,  andiron 
JBhtgig  thrown  in,  it  instantly  becomes  violent,   and  they 
are  very  soon  dissolved.     In  the  former,  the  cohesion 
among  the  particles  of  the  iron  was  so  powerful,  that  the 
attraction  between  it  and  the  acid,   even  though  strong, 
eonld  not  overcome  it     In  the  latter,  the  cohesion  being 
ia  a  great  measure  destroyed,  it  easily  produced  its  ef- 
fects. It  is  true,  in  this  instance,  that  the  reduction  of  the 
SKtal   to  powder  must  cause  a  greater  surface  to  be 
pKsented  to  the  acid,  and  thus  the  action  may  be  pro- 
noted  ;  bqt  the  principal  cause  of  the  successful  opera- 
fioo  of  the  attraction,  is  the  destruction  of  the  cohesion, 
which   the  affinity  must  have  overcome,  before  it  coidd 
have  produced  its  effects. 

Since  cohesion  exerts  so  great  an  influence  over  affinity, 
it  is  necessary,  when  solids  are  used,  to  have  them  in 
powder,  or  to  melt  them.  Accordingly,  when  we  wish 
to  dissolve  a  body  quickly,  we  reduce  it  to  powder,  and 
die  finer  it  is,  the  more  rapid  the  solution. 

It  is  often  said,  that  as  we  diminish  cohesion,  we  in- 
crease the  affinity,  which,  however,  it  must  be  evident,  is 
incorrect.  Though  the  effect  produced  in  the  instance 
given  is  different,  the  attraction  is  not  in  the  smallest 
digree  varied.  It  is  the  action,  not  the  attraction, 
that  is  altered  by  the  change  in  the  state  of  cohesion. 

(Cohesion,  it  has  been  supposed  by  some,  acts  in  another 
way.     Thus,  if  two  bodies,  between  which  there  is  an 
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attraction,  be  mixed,  and  if,  when  united,  the  cohedoB 
of  the  particles  is  powerful,  it  is  said  that  the  affinity 
more  easily  produces  its  effects.  Thus,  if  sulphuric  acidi 
be  added  to  a  solution  of  baryta,  a  white  powder,  sul- 
phate of  baryta,  is  formed,  between  the  particles  of 
which  there  is  a  strong  cohesion,  and  which,  it  is  ima- 
gined, favours  the  union.  It  is  absurd,  however,  to  sufK 
pose  that  this  power  can  operate  in  the  smallest  degree 
in  causing  combination ;  because  till  they  are  united 
there  is  no  cohesion,  consequently,  it  does  not  begin  tn 
operate  till  after  the  chemical  attraction  has  brought 
about  the  union. 

Though  cohesion  can  have  no  influence  over  attractiOD 
in  the  manner  supposed,  it  may,  however,  operate  hy 
removing  the  product  from  the  sphere  of  action, — as  when 
a  compound  formed  by  the  union  of  others  is  precipitat- 
ed, and  hence  prevented  from  being  acted  on  by  aaj 
of  the  substances  which  may  be  in  excess. 

The  weight  of  bodies  also  affects  attraction.  Thusi  if 
we  have  a  fluid,  suppose  water,  in  a  tall  jar,  and  put 
into  it  a  body  of  considerable  weight,  say  a  piece  of  Uue 
vitriol,  it  instantly  falls  to  the  bottom,  and  remains  then^ 
and  slowly  unites  with  the  water.  A  solution  is  thua. 
formed,  which,  by  containing  the  salt,  is  of  greater  weight 
than  the  water  above  it ;  it  therefore  also  continues  be* 
low,  surrounds  the  remainder  of  the  solid,  and  cuts  it  off 
from  the  action  of  the  fluid  that  has  not  entered  into 
union  with  it.  The  blue  vitriol  will  therefore  continue 
days,  or  even  weeks,  before  the  whole  of  it  is  dissolved* 
Even  after  it  is  dissolved,  the  solution,  from  its  great 
weight,  continues  a  long  time  without  mixing  with  the 
water ;  thus  giving  an  instance  of  difference  in  the  weight 
oi fluids  retarding  their  union.  Of  this  we  have  also  m 
good  example  in  oil  of  vitriol  and  water ;  if  the  vitriol 
be  put  into  a  glass,  and  the  other  poured  cautiously  over 
it,  they  unite  very  slowly,  the  acid  being  of  great  weighty 
and  remaining  below.  In  cases,  then,  in  which  there  ia 
a  great  difference  between  the  weights  of  the  substances, 
we  must  have  recourse  to  constant  agitation,   to  favour 
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the  <q9^«lion  of  the  attraction  existing  between  them ; 
indeed,  it  is  absolutely  necessary  for  it  to  produce  its 
effects. 

Eiasticity  is  another  of  the  powers  modifying  the  re* 
iult  of  attraction.     By  elasticity  is  here  meant  the  ten<« 
dency  which  the  particles  of  substances  have  to  separate 
from  one  another,  as  in  aeriform  bodies ;  and  it  is  only 
in  these  that  this  power  has  any  influence.     It  has  been 
already  proved,  that  as  cohesion  is  diminished,  chemical 
action  takes  place  more  easily.     It  may  be  expected, 
tlieo,    that  substances  in  the  aeriform  state  would  act 
readily*  either  among  themselves,  or  with  other  bodies, 
because  in  them  the  cohesion  is  destroyed.     This,  how- 
ever, is  not  the  case;  the  particles  are  too  far  removed 
to  allow  the   attraction  to  bring  them   together.      In 
those  instances,  also,  in  which  an  aeriform  substance  is 
absorbed  by  a  fluid,  it  is  well  known  that  compression 
Civoars   the  union.     Thus,   in  making  soda  water,  the 
aeriform  substance  which  causes  the  briskness  is  forced 
IB  by  strong  pressure,  by  which  more  of  it  is  taken  up,  its 
particles  being  brought  nearer  each  other,  and  to  the 
surface  of  the  water;  the  distance  at  which  they  were 
otnated  having  prevented  their  combination. 

Temperature  has  a  very  powerful  influence  over  at- 
ti»ctioQ  ;  indeed,  no  agent  is  more  frequently  employed 
lor  inducing  chemical  action.  Solids  very  rarely  act 
with  each  other,  but,  on  the  application  of  heat,  the  at- 
traetioii  begins  to  operate.  Thus,  when  flowers  of  sul- 
plmr  and  iron  filings  are  mixed  in  about  equal  bulks, 
there  is  no  action,  but,  on  the  application  of  heat,  it  soon 
coBmences,  the  mixture  becomes  red  hot,  and  continues 
fo  for  some  time,  even  though  removed  from  the  fire,— 
AewiBg  evidently,  that  a  chemical  action  is  going  on. 
The  promotion  of  the  solution  of  solids  in  fluids  by  heat, 
is  too  well  known  to  require  any  illustration.  In  many  - 
instances,  there  is  no  action  between  a  solid  or  fluid  and 
afa*,  till  heat  is  apfdied,  of  which  combustion  aflbrds  us 
a  good  example.  Oil  and  coal  are  not  inflamed  till 
heated;     but   when  their  temperature  is  raised,  they 
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begin  to  bum,  and  continue  to  do  so,  though  the  meuif 
by  which  their  temperature  is  elevated  be  withdrswh. 
Now,  in  these  cases,  it  is  known,  that  there  is  an  actioB 
between  the  inflammables  and  part  of  the  air,  by  whidi 
the  heat  and  light  are  disengaged.  Aeriform  bodies 
themselves  very  frequently  do  not  act  till  heated.  Thu% 
if  coal  gas  be  allowed  to  escape  from  a  burner,  it  mixes 
with  the  air  of  the  apartment,  but  there  is  no  chemical 
action ;  if,  however,  a  person  take  in  a  lighted  candle 
into  the  room,  the  gas  is  instantly  exploded,— tlis 
action  between  it  and  the  air,  which  causes  the  explo- 
sion, having  been  occasioned  by  the  heat. 

The  influence  of  temperature  over  attraction  is  to  hs 
ascribed,  in  a  great  measure,  to  its  bringing  into  actioD 
some  of  the  powers  already  treated  of,  particularly  cohe- 
sion and  elasticity.  As  we  diminish  the  former,  we  fife- 
vour  the  operation  of  attraction.  Chemical  action  may 
therefore  be  induced  by  the  diminution  of  the  cohesioOy 
for  it  is  well  known  that  heat  overcomes  this  power.  II 
is  evident,  however,  that  we  may  carry  this  too  far ;  fdr^ 
when  we  raise  the  temperature  too  much,  we  may  weakcD 
the  cohesion  to  so  great  a  degree,  that  the  elasticity  in- 
duced  may  retard,  instead  of  promoting  the  action ;  that 
is,  we  may  cause  one  or  both  substances  to  assume  file 
aeriform  state,  and  thus  keep  them  from  acting.  In  the 
instance  of  heat  causing  gaseous  bodies  to  explode,  it  is 
supposed  that  it  acts  by  the  sudden  compression  of  the 
particles ;  for,  as  it  expands  those  immediately  in  oon* 
tact  with  the  flame,  these  must  press  on  the  adjoining 
ones,  and  thus  they  may  be  brought  near  enough  to  en» 
able  them  to  unite,  the  distance  at  which  they  were  placed 
having  proved  a  bar  to  their  union. 

On  the  contrary,  cold  sometimes  favours  the  acticii. 
Thus,  the  union  of  two  aeriform  fluids,  which  do  not  mtt 
at  a  natural  heat,  may  be  effSected  by  applying  cold ;  and 
the  cause  of  this  seems  to  be  the  same  as  when  they  are 
compressed,  the  reduction  of  temperature  contractiqg 
them,  and  thus  bringing  their  particles  near  enough  to 
enable  them  to  enter  into  union. 
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The  abstraction  of  caloric  also  favours  the  action  p{ 
gases  with  liquids.  Here,  however,  it  is  evident,  that,  as 
with  the  elevation,  we  may  carry  the  reduction  too  fat; 
for  though  we  still  continue  to  diminish  the  repulsion 
among  the  particles  of  the  gas,  yet  we  may  increase  the 
cohesion  of  the  fluid,  so  far  as  to  cause  it  to  freeze,  and 
thus  put  a  stop  to  the  union. 

In  the  cases  stated,  it  is  evident  that  temperature  ex- 
erts its  influence  over  affinity,  by  increasing  or  diminish- 
ing the  cohesion  or  elasticity  of  the  substances  employed. 
There  are  instances,  however,  in  which  it  seems  to  exert 
some  influeuce  peculiar  to  itself.  Thus,  the  solution  of  salts 
in  water  is  greatly  promoted  by  heat,  as  is  also  the  union 
of  the  gases  with  some  of  the  metals.  It  is  true,  th(it  as  the 
temperature  is  raised,  the  cohesion  is  diminished ;  but 
the  diminution  must  be  so  trifling,  that  caloric  seems  to 
exert  some  peculiar  influence  in  these  particular  cases. 

The  last  of  the  powers  having  an  influence  over 
affinity  is  Electricity^  and  that  modification  of  it  called 
Galvanism ;  but,  for  the  illustration  of  this  part  of  the 
sabject^  see  Electricity  and  Galvanism, 

The  preceding  remarks  apply  to  the  chemical  actiops 
in  whicb  combination  is  the  only  result.  We  have  noyr 
to  view  aflinity  in  a  difierent  light.  When  a  simple 
body,  or  one  which  acts  as  if  it  were  simple,  is  added  to 
a  compound,  and  an  action  ensues,  it  is  owing  to  the  sim- 
ple combining  with  one  of  the  ingredients  of  the  com- 
pound, and  disengaging  the  other;  hence  decomposition 
alao  ensues,  and  the  affinity  by  which  this  is  brought 
about  is  likewise  afiected  by  foreign  powers. 
.  Tbe  powers  which  have  been  mentioned^  as  havinir.an 
iiifluence  over  ainnity,  producing  combination,  are  cohe- 
noQ,  specific  graiuty,' elasticity,,  condensation,  tempera- 
tore,  and  electricity.  These^  with  quantiiy  or  a  difff^^ 
€mce  in  the  proportions,  modify  affinity  producing  decom- 
position, in  some  instances  promoting,  in  others  retard- 
ing its  operation. 

Quantity,  or  a  difference  in  the  proportions,  seems 
to  produce  a  very  great  effect.     Were  chemical  action 
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the  result  merely  of  attraction,  the  effects  ought  to 
be  the  same,  whatever  be  the  proportions.  Thus,  if 
,  a  simple  body  be  added  to  a  compound,  and  the  affinity 
between  it  and  one  of  the  ingredients  be  stronger  than 
that  between  the  substances  already  in  union,  the  de« 
composition  should  be  complete,  that  is,  the  body  add* 
ed  should  unite  with  one  of  the  ingredients,  to  the  oon^ 
plete  exclusion  of  the  other.  This,  however,  is  not  aU 
ways  the  case.  If  the  quantity  added  be  exactly  that 
which  would  unite  with  the  whole  of  the  ingredient  £or 
which  it  has  an  affinity,  the  decomposition  is  imper&cl. 
We  must  therefore  add  more  of  the  simple ;  and 
when  this  is  done,  there  is  not,  at  least  in  many 
an  entire  decomposition,  the  ingredient  of  the  compound, 
between  which  and  the  other  substances  there  is  an  at- 
traction, being  divided  between  them.  On  the  other 
hand,  a  strong  attraction  may  be  overcome  by  a  weaker 
one,  aided  by  quantity.  Suppose  we  have  a  compound, 
and  add  a  simple  to  it,  between  which  and  one  of  the  in* 
gredients  of  the  former  there  is  an  affinity,  but  not  to 
strong  as  that  between  the  substances  in  union  ;  if  the 
simple  be  used  in  the  proportion  that  it  will  combine 
with  the  ingredient  for  which  it  has  an  attraction,  no  d^ 
composition  ensues ;  but  if  used  in  excess,  it  is  instantly 
effected.  Thus,  if  we  dissolve  mercury  in  diluted  nitm 
add,  and  add  a  few  drops  of  water  to  the  solution,  there 
is  no  decomposition  ;  but  if  much  of  the  latter  be  enw 
ployed,  the  ingredients  of  the  compound  are  instantly  ao^ 
parated.  Between  the  mercury  and  acid  that  has  di»« 
solved  it,  there  is  of  course  a  certain  force  of  attraction  ; 
the  latter  has  also  a  tendency  to  enter  into  union  with 
the  water,  but  the  affinity  between  them  appears  to  be 
too  weak  to  separate  it  from  the  other,  and  hence  the  ne- 
cessity of  calling  in  the  aid  of  quaniityt  by  which  the 
decomposition  is  accomplished,*— the  acid  and  water  unite, 
while  the  other  ingredient  is  precipitated. 

Cohesion  is  the  next  of  the  powers  that  modify  affini^ 
between  compounds.  The  decomposition  of  a  substaftee 
depends  in  a  great  measure  on  its  cohesion.     If  it  be 
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itroDg,  it  may  prevent  the  chemical  attraction  from  pro> 
ducing  its  effects,  and  the  action  may  proceed  slowly ; 
whereas,  if  it  be  weakened,  it  may  go  on  quickly.  Thus, 
if  muriatic  acid  be  poured  on  a  piece  of  carbonate  of  ba- 
ryta, which  is  a  compound  of  baryta  and  an  aeriform 
body^  the  act^m  is  slow ;  but  if  the  carbonate  be  reduced 
to  powder,  by  which  its  cohesion  is  greatly  overcome, 
and  then  mixed  with  the  acid,  there  is  a  violent  efferves« 
eence,  the  acid  instantly  combining  with  the  baryta,  and 
diKngaging  the  other  ingredient  in  its  aieriform  state.  In 
tbote  cases,  then,  in  which  we  wish  to  effect  the  decom- 
poaition  of  a  body  quickly,  it  is  necessary  to  reduce  it  to 
powder,  or  the  cohesion  may  be  overcome  by  dissolving 
it  before  it  is  mixed  with  the  other  that  is  to  cause  its 
decomposition. 

Cohesion,  it  is  imagined,  aids  decomposition  in  another 
way*  In  the  instanoe  given,  it  is  that  of  the  compound' 
that  reCards  the  action ;  but  it  is  supposed,  that  if  the 
pwtides  of  the  newly  formed  compound  cohere  strongly, 
tlie  decomposition  is  more  easily  effected.  Thus,  when 
aiphate  of  soda  is  mixed  with  sugar  of  lead,  this 
sulphuric  acid  of  the  former  and  the  lead  of  the  latter 

ite^  and  the  compound  is  precipitated ;  so  that  there 
be  a  cc^esion  among  its  particles,  and  which,  it  is 
apposed,  favours  the  decomposition  of  the  others. 
Though  some  lay  great  stress  on  the  operation  of  cohe- 
mom  in  this  way,  it  is  difficult  to  conceive,  nay  perhaps 
afaaurd  to  suppose,  that  it  can  have  any  influence ;  for 
it  must  be  kept  in  mind,  that  the  cohesion  is  among  the 
particles  of  the  compound  formed ;  now,  till  it  is  formed, 
there  is  no  cohesion  ;  so  that  it  is  bringing  in  the  opera- 
tion of  a  power  not  in  existence. 

Eliuiicity  has  also  an  influence  over  decomposition.  If 
we  have  a  compound  containing  an  ingredient,  which, 
when  in  its  separate  state,  exists  as  a  gas,  the  decomposi- 
tion is  more  easily  accomplished  than  if  this  substance, 
when  pure,  possessed  some  power  of  cohesion.  Thus,  if 
muriatic  acid  be  poured  on  chalk,  which  contains  a 
body  that  is  gaseous  when  in  its  separate  state,  the  acid 


188 


CHEMICAL  ATTRACTION. 


and  the  other  ingredient  of  the  chalk  combine,  while  t^e 
gas  is  disengaged.  It  is  supposed  that  the  elasticity  of 
the  gaseous  body  favours  the  decomposition,  by  carrying 
it  off  from  the  sphere  of  action.  If  any  means  be  em- 
ployed to  prevent  the  escape  of  the  gas,  the  action  does 
not  go  on.  Xhus,  if  the  acid  and  chalk  be  brought  into 
contact  in  a  closed  bottle,  the  action  is  at  first  slight,  but 
very  soon  ceases ;  the  moment,  however,  that  the  stopper 
is  removed,  it  again  commences. 

Temperature  is  another  of  the  powers  that  have  an  in- 
fluence over  decomposition.  Many  bodies,  when  united^ 
remain  so  at  a  natural  temperature ;  but  on  applying 
heat,  there  is  an  immediate  decomposition.  Thus  chalk, 
which,  it  has  been  already  remarked,  is  a  compound  of 
lime  and  a  gaseous  body,  is  easily  decomposed  in  this 
way.  If  it  be  put  into  an  iron  tube,  shut  at  one  end, 
and  having  an  empty  bladder  fixed  to  the  other,  on  put- 
ting that,  with  the  chalk,  into  a  chauffer,  the  bladder 
will  be  very  soon  distended ;  owing  to  the  aeriform  mat- 
ter escaping,  the  lime  will  remain  in  the  tube.  Here» 
then,  the  decomposition  has  been  effected  solely  by  heat 
In  other  instances,  it  is  necessary  not  only  to  raise  the  tem- 
perature, but  to  call  in  the  aid  of  another  body,  otherwise 
we  cannot  decompose  the  compound.  If  iron  be  put  into 
water,  there  is  no  decomposition,  even  though  between  it 
and  one  of  the  ingredients  of  the  fluid  there  is  a  strong  at- 
traction ;  but  if  it  be  heated,  there  is  an  immediate  action. 
Thus,  on  passing  steam  from  a  boiler.  A,  through  an 


iron  tube,  BB,  it  comes  out  at  the  opposite  end,  still  in 
the  state  of  steam ;  but  if  the  tube  be  passed  through  a 
chauffer,  C,  and  brought  to  a  red  heat,  the  steam  is  in- 
stantly decomposed,  one  of  its  ingredients  unites  with  the 
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iron  of  the  tube,  the  other  comes  out  at  the  opposite  end : 
and  that  it  is  a  substance  altogether  different  from  the 
iteam  is  evident,  for  if  the  mouth  of  the  pipe  be  put 
into  a  water  trough,  D,  an  aeriform  matter  may  be  col- 
lected in  the  jar  £.  Had  it  been  steam,  it  would  have 
been  coadensed  by  the  cold  fluid ;  and  that  it  is  not 
air,  is  shewn  by  applying  flame  to  it, — it  is  instantly 
kindled. 

Electricity  and  galvanism  have  also  an  influence  over 
aiBiiity,  producing  decomposition ;  but  for  the  illustra- 
tioa  of  this,  see  Electricity  and  Galvanism. 

Force  qfjttraciion  among-  different  Substances, 

When  a  substance  of  one  ingredient  is  added  to  an- 
other containing  two,  it  occasionally  happens  that  all  the 
diree  unite,  and  form  a  new  compound  ;  that  is,  if  A,  a 
rimple  body,  be  added  to  BC,  a  compound,  they  may  unite 
and  form  a  substance  ABC.  It  more  frequently  hap- 
pens, however,  that  that  added  unites  with  one  of  the  in- 
gredients of  the  compound,  while  the  other  is  set  free. 
That  is,  if  A  be  added  to  BC,  A  may  unite  with  B,  to 
fiorm  AB,  and  C  is  disengaged.  Thus,  potashes  is  a  com- 
poand  of  an  acid  and  an  alkali,  and  between  them  there 
tt  a  certain  force  of  attraction.  If  it  be  placed  in  a  re- 
tort, and  oil  of  vitriol  poured  on  it,  it  instantly  combines 
the  alkali,  and  the  acid,  the  other  ingredient,  is  set 
;  it  comes  off  in  the  form  of  gas,  and  may  be  collect- 
ed in  the  jar.  In  this  instance  it  is  supposed,  that  the 
attraction  between  the  oil  of  vitriol  and  the  alkali,  is 
powerful  than  between  the  alkali  and  the  acid  from 
it  was  disengaged  ;  the  acid  and  alkali  are,  there- 
fere,  separated,  while  the  alkali  and  vitriol  combine. 
This  is  called  a  case  of  elective  attraction^  because  the  vi- 
triol elects  the  alkali  in  preference  to  the  other ;  and  it  is 
termed  single  elective  attraction,  to  distinguish  it  from 
odiers  of  a  more  complicated  nature,  to  be  illustrated  af- 
terwards. It  is  called,  also,  sifigle  decomposition^  because 
there  is  only  one  body  decomposed. 
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These  cases  of  chemical  action  are  very  useful,  espe- 
cially to  practical  chemists,  because  many  of  the  substan- 
ces formed  during  their  operations,  if  not  themselves  of 
value,  may  be  turned  to  account  by  decomposing  them^ 
to  make  them  yield  their  valuable  ingredient  Perhaps 
both  of  the  ingredients  are  useful ;  if  so,  they  may  both 
be  obtained  by  single  elective  attraction,  because,  after 
decomposing  the  compound,  and  setting  free  one  of  its 
constituents,  the  newly  formed  substance  which  contains 
the  other  ingredient,  may  also  be  decomposed  by  another 
case  of  single  elective  attraction,  and  made  to  yield  it*. 
Suppose  we  have  a  compound  BC,  and  we  add  A  to  it^ 
between  which  and  B  the  attraction  is  more  powerful  than 
that  between  B  and  C,  A  will  combine  with  B,  and  set  C 
at  liberty.  We  thus,  then,  procure  C.  Suppose  we  now 
wish  to  obtain  B,  wc  must  add  to  the  newly  formed  com- 
pound  AB,  a  substance  D,  between  which  and  A  there  is 
a  more  powerful  affinity  than  that  between  A  and  B ;  D 
will  then  enter  into  union  with  A,  form  AD,  while  B  is 
disengaged,  so  that  we  thus  procure  B.  To  give 
an  instance  of  this ;  suppose  we  wish  to  decompose  sal 
ammoniac,  which  is  a  compound  of  muriatic  acid  and  am« 
monia,  so  as  to  obtain  both  of  its  ingredients.  If  we  wish 
to  procure  the  ammonia,  after  powdering  it,  we  must  add 
to  it  some  slaked  lime,  and  the  odour  of  hartshorn  is  in* 
stantly  perceptible,  because  the  attraction  between  the 
acid  and  the  lime  is  stronger  than  between  the  acid  and 
the  ammonia.  Suppose  we  now  wish  to  obtain  the  ma* 
riatic  acid,  we  have  only  to  add  some  oil  of  vitriol,  be* 
tween  which  and  the  lime,  with  which  the  muriatic  acid 
had  united  in  the  former  experiment,  there  is  a  more 
powerful  attraction  than  that  between  the  acid  and  lime 
already  in  union  ;  the  vitriol  and  the  lime  will  therefore 
combine,  while  the  muriatic  acid  will  be  disengaged. 

Tables  have  been  constructed  to  point  out  the  order  of 
the  forces  of  affinity  of  different  substances.  Thus,  the 
affinity  of  sulphuric  acid  is  shewn,  by  placing  it  at  the 
top,  and  after  drawing  a  line,  putting  below  it  the  names 
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of  the  substances  with  which  it  unites,  in  the  order  qftfie 
firces  qfiheir  affinities. 

Sulphuric  acid. 

Baryta. 

Strontia. 

Potass. 

Soda. 

Lime. 

Ammonia. 

This  at  once  shews  us,  that  the  affinity  between  sul- 
phuric acid  and  baryta  is  more  powerful  than  that  be- 
tween it  and  any  of  the  others  in  the  table ;  that  between 
the  acid  and  ammonia  is  the  weakest.  If,  then,  we  have 
the  compound  of  the  acid  and  ammonia,  we  know  that  we 
can  decompose  it,  by  adding  any  of  the  others ;  because 
the  affinity  between  the  acid  and  any  of  them,  is  more 
powerful  than  that  between  the  acid  and  ammonia.  If 
we  have  a  compound  of  the  acid  and  lime,  we  can  de- 
onnpose  it  by  soda,  potass,  strontia,  or  baryta.  If,  how- 
ever, we  have  a  compound  of  the  acid  and  baryta,  the 
tabic  shews  us  that  we  cannot  effect  the  separation  of  its 
iBgredients  by  any  of  the  others ;  because  the  affinity  be- 
tween them  is  more  powerful  than  that  of  the  acid  for 
any  other  in  the  table — For  the  affinity  of  different  bo- 
dieSf  see  Appendix. 

The  preceding  remarks  apply  to  the  actions  between 
compounds  and  simples,  or  those  which  act  as  if  they  were 
simple,  producing,  of  course,  only  one  case  of  decompo- 
sition. When  we  employ  two  that  are  compound,  and 
decomposition  ensues,  the  action  becomes  much  more 
complicated  ;  but  still  those  ingredients,  between  which 
there  is  the  most  powerful  attraction,  are  imagined  to  en- 
ter into  union.  Thus,  suppose  we  have  two  compounds, 
AB  and  CD ;  that  is,  each  containing  two  ingredients, 
between  which,  of  course,  there  is  an  affinity  ;  but  A  of 
the  one  compound,  has  an  attraction  for  C  of  the  other, 
and  B  for  D.  If  these  be  stronger  than  the  affinities  be- 
tween A  and  B^  and  between  C  and  D,  decomposition  in- 
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Btantly  takes  place,  when  they  are  presented  to  each 
other,  A  is  separated  from  B,  and  unites  with  C,  to  form 
AC  ;  while  D,  sent  from  C,  enters  into  union  with  B,  to 
form  BD.  Here,  then,  we  have  two  cases  of  decomposi- 
tion, AB  and  CD  are  decomposed  ;  and  we  have  also  two 
of  combination,  A  and  C,  and  B  and  D  unite.  This  is 
called  double  elective  cUtraction,  and  double  decomposiium^ 
to  distinguish  it  from  single  elective  attraction,  or  single 
decomposition.  To  give  an  instance  of  this,  we  may  use 
common  soda  and  Epsom  salts,  the  former  of  which  is  a 
compound  of  an  acid  and  the  alkali  soda,  the  latter  con- 
tains an  acid  and  magnesia.  When  these,  previously  dis- 
solved in  water,  are  mixed,  there  is  an  immediate  preci« 
pitation  of  a  white  powder,  owing  to  the  decomposition 
of  both  of  the  compounds,  and  their  ingredients  entering 
into  a  new  state  of  combination  ;  that  is,  the  soda  in  the 
one  leaves  its  acid,  and  joins  that  of  the  magnesia^  while 
the  magnesia  combines  with  the  acid  of  the  soda,  and  is 
precipitated  ;  the  other  is  held  in  solution. 

In  these  cases  of  chemical  action,  the  affinities  which 
tend  to  keep  the  ingredients  already  united  in  that 
state,  are  called  quiescent^  while  those  which  are  to  sepa- 
rate them,  are  called  divellent ;  so  that  if,  when  compounds 
are  mixed,  the  quiescent  attractions  prevail,  there  is  no 
action,  but  if  the  divellent  predominate,  decomposition 
ensues. 

These  cases  of  double  decomposition  have  also  been  il- 
lustrated  by   diagrams.       Thus,     suipiuAdd.^ 
the  following  is  the  diagram  of 
the  instance  already  given  : — 

Two  lines  being  made  to  cross 
each  other,  the  names  of  the  in- 
gredients of  the  substances  are 
placed  at  the  ends  of  these,  and 
so  situated,  that  those  between 
which  there  is  no  attraction, 
are  diagonally  opposite;  thus,  sod^  ^  ^carkAdi. 
there  is  no  affinity  between  sulphuric  acid  and  carbonic 
acid,     nor  between   soda  and  magnesia.      Those,    on 


FORCES  OF  ATTRACTION.  143 

the  contrary,  between  which  there  is  an  attraction,  are 
adjoining.  Thus,  sulphuric  acid  has  an  affinity  both  for 
soda  and  for  magnesia ;  and  so  also  has  carbonic  acid. 
We  may  represent  the  action,  by  supposing  the  lines  to 
moTe  on  their  centre,  by  which  the  sulphuric  acid  and 
die  magnesia,  and  the  carbonic  acid  and  the  soda  are  se- 
parated, and  the  sulphuric  acid  and  the  soda,  and  carbo- 
nic acid  and  magnesia  come  together ;  the  diagram,  after 
the  action^  is  therefore  to  be, 

Sulph.Add.  Caib.Add. 


Magnesia. 

Another  diagram,  is  that  given  by  Bergman  : 

Snlpb.  of  Soda. 

(Soda.  Sulph.  Acid.  \ 

I       Sulph. 
Water.  of 

j  Magnesia. 
Caib.  Add.     MagDesia.  / 


Carb.  IVIagnesia. 

It  consists  of  four  brackets.  At  the  sides  are  placed 
the  names  of  the  compounds  used,  and  at  the  end  of  each 
are  those  of  the  ingredients.  Thus,  sulphate  of  magne- 
na  is  composed  of  sulphuric  acid  and  magnesia,  and  car- 
bonate of  soda  of  carbonic  acid  and  soda ;  and  these  are 
so  situated,  that  those  between  which  there  is  no  affinity 
ire  diagonally  opposite,  while  those  between  which  there 
is  an  attraction  are  contiguous.  At  the  upper  and  under 
bracket,  are  the  names  of  the  compounds  that  are  to  be 
formed  with  those  of  their  ingredients.  Thus,  sulphate 
of  soda  is  composed  of  sulphuric  and  soda,  and  car- 
bonate of  magnesia,  of  magnesia  and  carbonic  acid.  In 
Ae  centre  of  the  diagram  is  water,  shewing  that  the  ac- 
tion has  been  effected  by  solution.     Had  it  been  brought 
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about  by  heat,  the  word  caloric  would  have  been  placed 
there.  The  lower  bracket  is  broken,  and  the  point  turn* 
ed  downwards,  which  shews  that  the  carbonate  of  magna* 
sia  is  precipitated.  The  upper  one  is  not  broken,  cona^ 
quently  the  sulphate  of  soda  is  in  solution.  Had  it  been 
broken,  and  the  point  turned  upwards,  it  would  hate 
shewed  that  the  compound  is  gaseous. 

These  cases  of  double  decomposition,  are  very  useful 
to  practical  and  analytical  Chemists.  Many  bodies  can 
thus  be  formed,  which  cannot  be  procured  in  any  other 
way.  Thus,  the  attraction  existing  among  some  sub* 
stances  is  so  extremely  weak,  that  they  cannot  be  made 
to  unite  when  presented  to  each  other,  the  powers  which 
have  an  influence  over  it,  preventing  it  from  producing 
its  effects.  When,  however,  substances  of  this  kind  are 
brought  into  contact,  just  as  they  are  set  free  from  com- 
bination, they  may  enter  into  union.  This  is  called  their 
nascent  state,  (nasco^  to  be  born,)  because,  when  set  free 
from  combination,  they  are  then,  as  it  were,  just  brought 
into  existence.  Thus,  if  A  be  added  to  BC,  and  A  com- 
bines with  B,  and  sets  C  at  liberty,  the  moment  that  C 
is  disengaged,  it  is  said  to  be  nascent.  A  mordant  much 
used  by  calico-printers  is  prepared  in  this  way.  It  is  a 
compound  of  the  acid  of  vinegar,  or  acetic  acid,  and  alo* 
mina,  or  earth  of  clay.  Between  these  there  is  an  affini- 
ty, but  it  is  so  weak,  that  when  presented  to  each  other, 
they  do  not  unite ;  and  even  allowing  that  they  wouldy 
the  expense  of  preparing  it  in  this  way  would  preclude 
its  use. .  But  if  compounds  containing  them  be  mixed^ 
they  may  be  made  to  combine,  and  form  the  mordant. 
Thus,  when  sugar  of  lead,  which  contains  lead  and  the 
acid  of  vinegar,  is  mixed  with  alum,  which  is  a  compound 
of  sulphuric  acid  and  alumina,  or  the  eartli  of  clay,  there 
is  an  immediate  decomposition,  and  exchange  of  ingre- 
dients,-*-the  sulphuric  acid  unites  with  the  lead,  and  the 
acid  of  vinegar  with  the  earth, — the  former  is  precipitat* 
ed,  while  the  other  is  held  in  solution. 

These  cases  of  double  decomposition  are  still  farther 
useful.     The  attraction  between  the  ingredients  of  some 
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cnnpounds  is  so  strong)  that  it  is  difficult  to  effect  a  com- 
plete separation  of  their  ingredients  by  a  case  of  single 
dectiTe  attraction ;  but  it  may  be  accomplished  by  double 
decomposition.  Thus,  suppose  we  have  a  compound  BC, 
betireen  the  ingredients  of  which  there  is  a  powerful  affi- 
Bitj.  On  the  addition  of  A,  which  has  an  attraction  for 
B,  there  is  no  decomposition,  because  that  between  B 
and  C  is  more  powerfuL  On  adding  D,  which  has  an 
afinity  tor  C,  there  is  no  change,  that  between  B  and  C 
being  stronger ;  but  if  A  and  D  be  presented  at  the  same 
time,  decomposition  may  instantly  be  effected ;  because 
the  affinities  between  A  and  B,  and  between  C  and  D,  are 
aore  powerful  than  that  between  B  and  C.  B  and  C 
aie  therefore  separated,  while  A  and  B,  and  C  and  D, 
mite.  To  give  an  instance  of  this : — If  lime  be  dissolv- 
ed in  muriatic  acid,  we  form  a  solution  containing  the 
two  substances,  between  which  there  exists  a  strong  at- 
tnction.  The  acid  called  carbonic  acid,  has  an  affinity 
fiir  lime,  and  the  alkali  ammonia  has  an  affinity  for  muri- 
atic acid  ;  but,  on  the  addition  of  either  of  these  to  the 
solution,  there  is  no  change,  because  the  attraction  be- 
tween the  muriatic  acid  and  the  lime,  is  more  powerful 
than  that  between  the  carbonic  acid  and  the  lime,  or  that 
between  the  muriatic  and  ammonia;  but  if  the  car- 
bonic acid  be  mixed  with  the  ammonia,  and  then  thrown 
iBia  the  solution,  decomposition  instantly  ensues,-»the 
■■liniii  acid  and  lime  are  separated,  and  the  carbonic 
acid  and  lime,  and  the  muriatic  acid  and  ammonia,  unite 
tp  fcxm  two  new  compounds,  the  latter  of.  which  is  held 
ID  solution,  the  former  is  precipitated. 

Different  methods  have  been  recommended  for  ascer- 
taining the  actual  forces  of  affinity  of  different  bodies. 
The  only  one,  at  first  sight,  plausible,  is  that  advanced 
bj  Kirwan,  and  modified  in  its  application  by  Berthollet. 
Kirwan  imagined  that  the  power  of  saturation,  or 
neutralization  of  bodies,  was  the  result  of  the  force  of 
affinity,  and  hence  he  conceived  that  this  would  prove  a 
neaiure  of  ascertaining  it 

.  Thus,  suppose  100  of  A  combine  with  SOO  of  B,  and 

VOL.  I.  K 
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100  of  C  ;  it  was  inferred  that  the  aiRnity  of  A  for  B, 
18  double  that  of  A  for  C.  It  is  forgot,  however,  in 
laying  down  this  rule,  that  the  power  of  attraction  m 
reciprocal.  B  has  as  strong  an  attraction  for  A,  as  A 
has  for  B  ;  so  that  if  we  apply  it  in  this  way,  the  result 
will  be  very  different.  It  has  been  supposed  that  A  hat 
twice  as  strong  an  attraction  for  B  as  for  C,  because  it 
takes  twice  as  much  for  saturation.  If  we  now  take 
equal  parts  of  B  and  C,  say  200,  then  200  of  B  re- 
quire 100,  while  200  of  C  take  200  of  A  for  saturation ; 
so  that  by  one  way  of  applying  the  rule,  the  attraction 
of  A  and  B  is  double,  in  the  other  it  is  only  half  that 
of  A  and  C,  so  that  this  method  is  altogether  inap- 
plicable. 

Proportions  in  Xffhich  bodies  combine. 

With  respect  to  the  proportions  in  which  bodies  unite, 
no  less  than  four  varieties  have  been  stated. 

1^,  They  combine,  or  appear  to  do  so,  in  any  quan- 
tity in  which  they  are  presented  to  each  other. 

This  is  well  illustrated  in  the  instance  of  sulphuric 
acid  and  water,  or  of  water  and  spirit  of  wine.  Thus, 
when  a  drop  of  acid  is  added  to  a  glass  of  water,  the 
whole  of  the  fluid  acquires  acid  properties.  On  the 
addition  of  more  acid,  a  union  takes  place,  the  fluid  is 
still  farther  acidulated  :  and  again,  on  the  introduction 
of  a  third  portion,  combination  is  again  effected,  so  that 
the  substances  appear  to  unite  in  any  quantities  in 
which  they  are  presented  to  each  other ;  and  the  same 
occurs  in  many  other  cases  of  chemical  action. 

ftd.  Bodies  unite,  or  appear  to  do  so,  in  variable  pro- 
portions, but  only  to  a  certain  extent,  as  is  observed 
chiefly  in  oases  of  solution.  Thus,  in  dissolving  a  salt 
in  water,  they  'appear  to  combine  in  different  quantities, 
but  there  is  a  limit  to  their  union ;  the  fluid  will  dissolve 
a  certain  portion  and  no  more,  but  it  will  take  up  any 
quantity  less  than  this.  On  the  other  hand,  if  we  have 
a  certain  weight  of  salt,  we  must  take  a  certain  quantity 
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of  water  to  dissolve  it,   but  it  appears  to  unite  with  as 
imich  more  as  we  choose  to  add. 

&^  Bodies  combine  in  one  fixed  proportion  only. 
TkuBg  if  sulphuric  acid  be  added  to  a  solution  of  the 
avth  barjta,  each  portion  put  in  unites  with  a  definite 
qaantity  of  earth ;  and  that  it  does  so,  in  other  words, 
that  after  the  first  addition  of  acid  there  is  still  some 
OHth  uncombined,  is  evident,  for  each  addition  causes 
the  formation  of  more  and  more  of  the  new  compound. 

4^9  Bodies  unite  in  two,  three,  or  more  proportions, 
bill  these  are  always  fixed,  and  no  compound  with  inter- 
aediate  quantities  can  be  formed.  Thus,  suppose  A 
combines  with  B,  in  the  ratio  of  1  to  1  by  weight,  but 
that  other  substances  containing  the  same  ingredients 
aLk>  exist,  they  will  be  in  the  ratio  of  1  to  2,  or  1  to  3, 
and  these  are  invariably  the  same  in  whatever  way  the 
csmpounds  may  have  been  formed.  Thus,  if  tartaric 
add  be  added  to  a  solution  of  potassa,  they  unite ;  and 
that  they  do  so,  is  evident  from  the  fluid  having  neither 
add  nor  alkaline  properties.  The  substance  formed  in 
this  way  remains  dissolved,  but  let  more  acid  be  put  in, 
k  unites  in  a  definite  quantity,  and  forms  a  new  com* 
poHidy  which  is  precipitated,  owing  to  its  sparing  solu- 
lility.  Now,  these  two  compounds  always  contain  the 
proportions  of  acid  and  alkali.  Numerous  other  in- 
of  a  similar  nature  occur. 
When  bodies  unite  in  various  proportions,  thecompounds 
lonKd  often  possess  properties  totally  opposite,  the  difiPer- 
being  as  great  as  if  they  were  composed  of  different 
;  of  which  we  have  a  good  example  in  the  elastic 
laids,  oxigen  and  nitrogen.  These,  by  their  union,  form 
simotpberic  air,  which  is  absolutely  necessary  tor  the 
support  of  life.  In  other  proportions,  they  generate 
two  gaseous  bodies,  one  of  which,  when  breathed,  hfs 
a  icmarkable  effect  on  tlie  system,  vhile  the  other  caA* 
aot  be  received  into  the  lungs;  but  again,  by  their 
iwtber  union,  th^  form  the  highly  corrosive  fluid,  aqua- 
fcitia. 

k2 
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On  tlie  other  hand,  it  frequently  happens  that  the  coni' 
pound  has  some  of  tlie  properties  of  tire  ingredient  in  ex«- 
cess,  as  in  the  instance  given  of  tartaric  acid  and  potassa, 
the  last  formed  substance  having  decidedly  acid  quali- 
ties. When  the  properties  of  the  ingredients  are  destroy- 
ed, it  is  said  that  they  have  saturated  or  neutralized  each 
other,  and  the  terms  saturation^  or  neutralization,  are 
used  to  express  the  fact.  Saturation  is,  however,  employe 
ed  in  another  sense.  Thus,  when  a  fluid  has  dissolved 
as  much  as  it  can  of  a  solid,  it  is  said  to  be  saturated. 
It  would  perhaps  be  better  to  use  neutralization  fo^ 
those  instances  in  which  the  properties  are  destroyed, 
and  to  reserve  saturation  for  cases  of  solution. 

Berthollct  is  almost  the  only  one  who  has  attempted  to 
assign  a  reason,  why,  in  some  instances,  affinity  seems  id 
produce  combination  without  limits,  and  why,  in  othen, 
there  are  bounds  set  to  the  operation  of  this  law.  It  has 
been  already  mentioned,  that,  according  to  him,  comfai- 
nation  is  the  result  of  affinity,  modified  by  external  cti^ 
cumstances.  Hence  he  conceived,  that  were  it  alone  to 
operate,  bodies  would  unite  in  every  proportion,  but  that 
limits  are  set  to  their  union  by  the  agency  of  theie 
powers,  particularly  cohesion  and  elasticity.  Thiu, 
when  two  fluids  combine,  and  the  compound  continues 
liquid,  there  is  neither  cohesion  nor  elasticity  to  affeat 
the  attraction,  so  that  the  proportions  in  which  they  unite 
are  unlimited.  Again,  when  a  solid  is  dissolved  in  water, 
the  affinity  and  the  cohesion  are  at  work  at  the  same 
time,  and  when  the  former  begins  to  operate,  the  latter 
offers  a  resistance,  but  not  being  so  powerful,  it  is  over- 
come ;  as,  however,  the  solution  proceeds  and  approaches 
the  point  of  saturation,  the  affinity  is  overpowered  by  the 
cohesion,  and  a  stop  is  put  to  the  farther  union.  If, 
however,  the  cohesion  be  by  any  means  diminished,  the 
action  is  renewed,  and  proceeds  till  the  weakened  affinity 
is  no  longer  able  to  overcome  it,  and  hence,  on  applying 
heat,  more  of  the  salt  is  dissolved.  BerthoUet  asserta, 
that  if  we  could  raise  the  temperature  so  as  to  diminish 
the  cohesion,  without  inducing  elasticity  in  the  fluid,  the 
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ttnion  would  go  on  without  limitation,  were  no  other  fo- 
tvign  power  to  put  a  stop  to  it.  With  resptet  to  the 
eombiuation  of  bodies  in  one  fixed  proportion,  fierthoUet 
supposes,  that  when  the  affinity  between  them  is  strong, 
condensation  is  the  result ;  at  a  certain  point  this  will  be 
greatest,  and  at  this,  the  cohesion  of  the  compound  strong- 
est, and  thus  a  limit  is  put  to  the  union.  Thus,  in  the 
instance  of  sulphuric  acid  and  baryta,  already  mention- 
ed, when  they  have  united  to  a  certain  extent,  it  is  sup- 
posed that  the  compound  formed  acquires  such  a  power 
of  cohesion,  that  any  additional  quantity  of  one  of  the 
ingredients  cannot  combine  with  the  other;  besides, 
die  compound  is  precipitated,  and  is  thus  removed 
from  the  sphere  of  action.  Here,  then,  the  power 
bnMigfat  into  play  by  the  operation  of  the  affinity,  puts 
a  stop  to  the  farther  union ;  and  as  this  will  always 
lake  place  at  the  same  time,  the  proportions  are  thus 
ifndered  fixed.  When  there  are  two  or  more  compounds 
of  the  same  substances,  it  is  supposed  that  the  propor- 
tioDs  are  also  determined  by  the  operation  of  foreign 
powers ;  for  though  in  every  case  there  is  one  point  at 
which  the  condensation  is  greatest,  and  the  tendency  to 
flohetton  strongest,  yet  there  may  be  other  weaker  ones 
winch  may  also  cause  the  bodies  to  combine  in  determi- 
nate proportions.  Thus,  when  an  acid  and  alkali  unite, 
the  cobeuon  acquired  by  the  compound,  may  render  the 
ingredients  fixed  at  this  point ;  but  it  may  not  be  such 
as  to  withdraw  it  from  the  sphere  of  action,  so  that  it  is 
still  left  to  be  acted  on  by  any  additional  quantity  of  one 
•f  the  ingredients.  Thus,  in  the  instance  of  tartaric 
add  and  potassa,  the  first  compound  remains  in  solution, 
■ot  having  acquired  such  a  degree  of  cohesion  as  to  cause 
it  to  become  solid  ;  but  on  adding  more  of  the  acid,  by 
entering  into  union  with  the  former,  it  gradually  acquires 
such  cohesion  as  to  cause  it  to  be  precipitated,  and  thus 
pievent  it  from  being  acted  on  by  any  excess  of  one  of 
the  ingredients. 

.    The  same  may  be  said  of  elasticity,  different  degrees 
of  it  producing  combination  in  variable  proportions. 
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Such  were  the  opinions  at  one  time  entertained, 
respect  to  the  combination  of  different  bodies,  and  th^ 
reasons  assigned  for  the  difference  in  the  proportions  in 
which  they  enter  into  union.  Were  they  correct,  it  it 
evident  that  the  union  is  brought  about  by  affinity,  but 
that  the  quantities  are  determined  by  the  circumstanoes 
that  modify  it,  the  affinity  having  of  itself  a  tendency  to 
make  them  unite  in  every  proportion.  Though  such  was 
the  opinion  of  former  chemists,  it  may  be  said  that  it  is 
now  entirely  abandoned.  It  is  now  universally  admiU 
ted,  that  when  bodies  combine,  they  always  do  so  in 
definite  proportions ;  and  that  this  is  purely  the  result  of 
the  attraction  existing  between  them,  whatever  be  the 
quantities  employed,  or  the  circumstances  under  which 
the  union  may  take  place ;  and  hence  has  arisen  the  doc- 
trine of  combination  in  definite  proportions^ — perhaps  one 
of  the  most  important  additions  which  the  sci^ace  baa 
lately  received,  not  only  from  the  general  laws  which  it 
has  brought  to  light,  but  from  its  introducing  a  facility 
and  an  accuracy  in  analysis  formerly  unknown.  Though 
perhaps  this  is  not  the  place  at  which  this  important  sub- 
ject ought  to  be  treated  of,  yet,  as  much  chemical  reaaon* 
ing  is  founded  on  it,  it  may  be  proper  to  give  here  a  ahott 
account  of  it.  The  particular  illustrations  connected 
with  it  will  be  afterwards  pointed  out,  when  giving  the 
chemical  history  of  those  bodies,  in  which  combination^ 
in  definite  proportions,  is  most  remarkable. 

Wenzel  was  the  first  who  pointed  out  the  union  of 
liodies  in  fixed  proportions ;  but  his  investigations  seem 
to  have  been  entirely  overlooked,  till  Richter,  about 
1792,  on  considering  the  facts  stated  by  him,  again  drew 
the  attention  of  chemists  to  the  subject,  but  even  after 
this  it  was  again  forgotten,  till  revived  by  Dalton,  about 
the  commencement  of  the  present  century.  Since  then  it 
has  engaged  the  attention  of  many  distinguished  che- 
mists, more  particularly  of  Wollaston,  Davy,  Gay  Lussac, 
Berzclius,  Prout,  and  Tliomson,  the  last  of  whom  has  ia* 
boured  more  than  any  otlier  in  this  wide  field  of  investi- 
gation, (Thomson'^s  First  Principles.) 
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With  respect  to  combination  in  definite  proportions, 
it  is  asserted, 

Ij^  That  bodies  always  combine  in  fixed  proportions, 
whatever  be  the  quantities  employed,  or  the  jcircumstances 
wider  which  the  union  may  be  brought  about,  and  that 
tins  18  purely  the  result  of  the  attraction  existing  among 
them.  Thus,  if  sulphuric  acid  be  added  to  any  fluid 
eoDtaining  lead  in  solution,  the  acid  and  metal  unite 
always  in  the  same  proportion ;  and  that  each  quantity 
of  add  added,  combines  with  a  definite  proportion  of  the 
other,  is  evident,  for  each  addition  causes  the  formation 
of  mare  and  more  of  the  new  compound.  If,  however,  we 
continue  to  add  acid,  part  cf  it  will  remain  uncombined ; 
and  that  this  is  the  case,  is  shewn  by  putting  in  more  of 
the  solution  containing  the  lead,  by  which  more  of  the 
compound  is  produced.  Now,  let  this  be  formed  in  any 
ether  way,  its  ingredients  are  always  the  same. 

8dy  When  substances  unite  in  more  than  one  propor- 
tioD,  which  is  frequently  the  case,  these  are  not  only  de- 
ioite^  but  it  has  been  found,  that  the  quantity  of  the 
ingredient  in  largest  proportion  in  the  one  compound,  is 
a  multiple  by  a  wh<de  number  of  that  in  the  other.  Thus, 
so|qpoce  A  enters  into  union  with  B,  in  the  ratio  of  1  to 
%  if  another  compound  exist  with  a  larger  proportion  of 
B^  it  will  be  in  it,  double,  triple,  or  some  multiple  of  2 ; 
that  is,  it  will  be  1  to  4,  to  6,  to  10,  &c.  Thus,  if  car- 
bonic acid  be  added  to  lime  water,  a  white  powder  is 
precipitated,  which  contains  definite  proportions  of  its 
ingredients ;  but  if  more  of  the  add  water  be  thrown  in, 
the  powder  disappears,  owing  to  the  formation  of  a  new 
compound,  which  contains  exactly  twice  as  much  acid  as 
exists  in  the  first 

The  union  of  bodies  in  definite  proportions,  is  well  il* 
histrated  in  the  action  of  gases  with  each  other.  It  was 
first  shewn  by  Gay  Lussac,  (Mem.  d'^Arcueil,  1809,)  that 
they  combine  either  in  equal  volumes,  or  the  volume  of 
the  one  bears  some  ratio  to  that  of  the  other.  If,  for 
ioitance,  one  part  of  oxigen  gas  be  mixed  with  two  of 
hydrogen,  and  flame  approached,  they  unite,  and  form 
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a  new  compound,  the  whole  of  them  disappearing* 
If  equal  volumes  be  taken,  and  treated  in  a  similar 
manner,  a  union  ensues ;  but  they  still  combine  1  to  2, 
and  the  same  compound  is  formed ;  so  that  one  of 
oxigen  is  left:  and  the  same  occurs  though  they  be 
used  in  any  other  proportion.  Farther,  if  there  be 
two  or  more  compounds  of  the  same  gases,  the  volume  of 
one  in  the  one,  is  always  a  multiple  of  that  in  the  other. 
Thus,  ammonia  and  carbonic  acid  form,  by  their  combU 
nation,  two  substances,  the  one  containing  equal  volumes 
of  acid  and  alkali,  the  other  having  one  of  the  former 
and  two  of  the  latter,  so  that  the  ammonia  in  the  last 
is  just  double  of  that  in  the  first.  Many  instances  of  a 
similar  nature  occur,  from  which  it  has  been  inferred^ 
as  a  general  law,  that  gases  combine  in  simple  ratioi 
by  volume;  that  is,  1  to  I,  or  1  to  3,  to  3,  or  to  4: 
Now,  as  gases  are  merely  solids  converted  to  the  ga- 
seous form,  it  follows,  that  if  they  combine,  in  definite 
proportions,  by  volume,  the  others  must  unite  in  the 
same  way  by  weight ;  and  as  the  volumes  of  one  of  the 
gases,  in  the  difierent  compounds,  are  multiples  of  that 
in  the  first,  they  must  be  so  by  weight  in  those  formed 
by  the  union  of  solids.  This  was  first  pointed  out  bj 
WoUaston,  with  regard  to  the  alkaline  salts.  Thus,  po^ 
tassa  and  carbonic  acid  form  two  compounds.  If  that 
with  the  largest  quantity  of  the  latter,  be  mixed  with  oil 
of  vitriol,  the  whole  of  the  carbonic  acid  is  set  free,  and 
its  quantity  thus  ascertained.  If  this  same  compound  be 
heated,  carbonic  acid  is  disengaged,  equal  to  hsJI  of  that 
got  in  the  other  way,  and  the  compound  with  the  smaller 
proportion  is  left,  so  that  the  one  contains  just  twice  as 
much  as  the  other.  What  Dr  WoUaston  pointed  out, 
in  this  instance,  has  been  found  to  hold  true  in  others,  as 
the  following  table,  shewing  the  composition  of  difierent 
compounds,  will  prove. 

Carbonic  oxid  is  composed  of  Carbon    75  Oxigen  100 
Carbonic  add         do.  do.       75       do.     SOO 

Protoxid  chlorine   do.  Chlorine  45      do.       10 
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Peroxid  chlorine    do.  Chlorine  45    Oxigen  40 

Chloric  acid  is  composed  of        do.        45       do.       50 

Perchloric  acid  do.  do.        45       do.       70 

Sulphate  of  potass      do.  Potass     60     Acid      50 

Super-sulphate  of  potass,  do.        60       do.     100 

Numerous  other  instances  might  be  given ;  but  what 

has  been  said,  will,  it  is  hoped,  be  sufficient  to  enable  the 

reader  to  understand  what  is  meant  by  the  union  of  bo^ 

dies  in  definite  proportions,  and  the  diffei^ent  speculationi 

connected  with  it. 

It  has  been  urged  against  the  doctrine  of  definite  pro- 
portions, that  there  are  facts  contradictory  to  it,  which 
are  the  instances  of  combination  illustrated  by  Berthollet^ 
particularly  those  of  solutions,  and  in  which  fluids  unite 
with  each  other.     These,  however,  when  more  maturely 
examined,  are  by  no  means  exceptions,  indeed  they  afford, 
particularly  cases  of  solution,  strong  arguments  in  its 
favour.    Thus,  in  the  action  of  fluids,  though  they  appear 
to  unite  indefinitely,  it  has  not  been  proved  that  mecha- 
nical mixture  does  not  exist.     If,  for  instance,  a  few  drops 
of  acid  be  added  to  water,  they  may  unite  with  a  definite 
proportion  of  the  latter,  and  the  new  compound  will  be 
diffused  through  the  whole;   so  that  each  addition  of 
add  will  cause  the  formation  of  more  and  more  of  the 
compound,  till  the  whole  of  tlie  water  is  taken  up,  and 
when  this  is  done,  the  next  portion  of  acid  will  be  left 
uncombined,  but  mixed  with  the  other.     Again,  cases  of 
iolutioD,  though  they  may  at  first  appear  to  be  excep- 
tions, are  rather  in  favour  of  the  opinion,  that  mechani- 
cal mixture  does  exist.     Thus,  on  adding  a  few  grains  of 
■alt,  they  may  unite  with  a  definite  quantity  of  fluid,  and 
form  a  solution,  which  is  diffused  through  the  remainder 
of  the  water.     Each  addition  of  salt  will  cause  the  for- 
mation of  more  of  this,  to  be  mixed  with  the  water  un- 
combined ;  and  that  this  is  really  the  case,  appears  to  be 
proved  by  the  fact,  that  as  we  continue  to  add  salt,  we 
arrive  at  a  certain  point,  at  which  the  water  will  not  take 
up  any  more ;  hence  we  must  infer,  that  the  whole  of  it 
is  already  combined,  and  the  only  difference  between  this 
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and  the  former  is,  that  as  the  salt  is  solid,  any  excess  is 
left  in  this  state,  whereas  the  former  being  fluid,  it  must, 
though  in  excess,  be  mixed  with  the  product  of  the  ac- 
tion, which  is  also  in  the  same  form  with  itself. 

With  respect  to  the  second  rule,  that  the  proportions 
of  the  ingredients  in  the  different  compounds  are  multi- 
ples of  that  in  the  first,  there  are  certainly  instances 
in  which  it  does  not  seem  to  hold  true;  but  even 
these,  if  viewed  in  a  certain  light,  may  be  considered  in 
favour  of  the  doctrine  of  proportions.  Thus,  there  are 
two  compounds  of  iron  and  oxigen,  the  first  containing 
100  of  iron  and  S8.5  of  oxigen,  and  the  second  100  to 
42.6 ;  now  the  oxigen  in  the  latter  is  not  a  multiple  of  that 
in  the  former.  A  few  other  instances  of  a  similar  nature 
occur,  but  in  that  given,  and  in  the  others,  the  frso- 
tional  part  is  always  a  half,  so  that  still  the  exception 
seems  connected  with  the  general  law,  and  the  difficult 
is  easily  got  over.  Thus,  we  are  not  certain  that,  in  these 
cases,  we  have  got  the  compound,  in  which  the  ingre- 
dients are  united  in  smallest  proportions.  If,  therefore^ 
we  suppose  that  there  is  one  with  a  smaller  quantity 
of  what  we  assume  as  the  variable  ingredient,  the  case 
becomes  no  longer  an  exception.  Thus,  in  the  iiw 
stance  quoted,  there  may  be  a  compound  of  100  iron  to 
14.2  of  oxigen,  and  if  so,  the  oxigen  in  the  two  others 
are  multiples  of  tliat  in  the  first.  This  mode  of  reason- 
ing we  are  warranted  in  adopting,  first,  because,  as  has 
been  already  mentioned,  the  fractional  part  is  always  a 
half ;  had  it  been  variable,  we  could  not  have  concluded 
in  what  proportion  this  ingredient  might  have  existed : 
but,  secondly,  it  has  actually  been  shewn  that  some  of 
those  cases,  which  appeared  to  be  exceptions,  are  no 
longer  so,  compounds  having  been  found,  in  which  the 
ingredient  in  smallest  proportion,  is  just  what  it  was 
supposed  it  should  be,  so  as  to  make  it  in  the  others 
multiples  of  that  in  the  first.  Thus,  till  lately,  only  two 
compounds  of  sulphur  and  oxigen  were  known,  the  one 
100  to  100,  the  other  100  to  150,  being  apparently  an 
exception  to  the  general  law ;  but  it  was  inferred  that 
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another  existed,  containing  100  to  50.  This  has  now 
heen  discovered,  so  that  the  oxigen  in  the  two  long 
known,  are  multiples  of  that  in  the  last.  For  the  same 
reasons  it  is  expected,  that  in  all  those  instances  in  which 
the  dcxstrine  of  multiples  does  not  apparently  hold  true, 
there  will  be  hereafter  discovered  compounds  containing 
a  smaller  proportion  of  the  variable  ingredient. 

Again,  instances  occur  of  substances  uniting,  and  in 
which  apparently  the  doctrine  of  multiple  proportions 
is  not  correct,  as  in  the  compounds  of  lead  and  oxigen. 
Thus,  the 

Protoxid  is  composed  of      -     Lead  130  Ox.  10 

Oeutoxid  do  do.     130  do.   15 

Peroxid  do.  do.     130  do.  SO 

Now  the  oxigen  in  the  second,  is  not  a  multiple  of  that  in 

the  first.     I'his  objection  may,  however,   be  explained 

away,  by  supposing  that  the  deutoxid  is  not  an  oxid  in 

which  the  ingredients  are  in  a  direct  state  of  combina- 

tioo,  but   that  it  is  composed  of  certain  proportions  of 

the  protoxid  and  peroxid.     Thus  it  may  contain 

Protoxid  composed  of    -     -     Lead  ISO+Ox.  10 

Peroxid  do do.    130+do.   20 

8b  that  when  analyzed,  it  shall  yield  260  of  lead  and  SO 
•f  oxigen,  t.  e.  ISO  and  15,  and  that  this  is  really  its 
composition  seems  proved  by  the  fact,  that  if  it  be  digest- 
ed in  nitric  acid,  a  salt  containing  the  protoxid  in  com- 
bination with  the  acid  is  obtained,  while  the  peroxid 
IS  precipitated. 

Mr  Dalton  is  the  only  one  who  has  attempted  to  assign 
a  reason,  why  substances  combine  in  definite  proportions, 
and  why,  when  there  are  difierent  compounds,  the  ingre- 
dients are  in  multiple  proportions.  It  has  been  already 
MKntioned,  that  matter  is  imagined  to  be  composed  of  mi- 
aute  particles,  or  aioms^  as  they  are  called,  and  that  it  is 
anoug  these  that  chemical  attraction  operates.  When, 
then,  combination  is  produced  by  the  operation  of  affinity, 
Mr  Dalton  has  asserted  that  the  bodies  unite  atom  to 
atom,  that  is,  1  atom  of  A  with  1 ,  2,  3  or  more  atoms  of 
B,  from  which,  if  correct,  it  follows,  that  when  there  are 
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more  than  one  compound,  the  ingredient  in  largest  pro^ 
portion  must  be  a  multiple  of  that  in  the  other,  because 
the  atoms  being  indivisible,  there  can  be  no  compound 
with  half  an  atom.  These  speculations  of  Mr  Daltov, 
though  they  account  satisfactorily  for  the  union  of  bodies 
in  fixed  proportions,  must,  however,  be  kept  apart  from 
the  doctrine  itself.  The  one  has  been  established  by 
experiment,  the  other  is  merely  the  attempt  to  assign  a 
reason  for  its  existence,  and  whether  correct  or  not, 
cannot  in  the  least  aiSect  the  doctrine. 

As  it  is  now  universally  admitted  that  bodies  do  com- 
bine in  fixed  proportions,  chemists  express,  by  numbers, 
those  in  which  they  enter  into  union,  having  of  course 
a  standard  of  comparison.  Water  is  known  to  be  a  com- 
pound of  8,  by  weight,  of  oxigen,  to  1  of  hydrogen  ;  if, 
then,  we  attach  to  hydrogen  1,  that  prefixed  to  oxigen 
must  be  8.  Carbonic  acid  is  a  compound  of  carbon  and 
oxigen  in  the  ratio  of  1  to  1.33,  that  is,  as  6  to  8,  so 
that,  keeping  oxigen  as  8,  timt  applied  to  carbon  must  be 
6,  and  so  on  with  other  bodies,  we  may  either  find  the 
proportions  in  which  the  body  will  unite  with  the  stan- 
dard, or  with  any  other  substance  which  has  already  a 
number  applied  to  it ;  thus,  if  1  of  A  unite  with  7  of  B, 
and  if  7  of  B  unite  with  15  of  C,  then  15  of  C  will  com- 
bine with  1  of  A.  15  is  the  number  to  be  applied  to  C* 
Having  fixed  the  numbers  of  simple  bodies,  those  to  be  ap- 
plied to  compounds  are  the  sum  of  those  of  the  ingredients. 
If  Abel  andB7,  then  ABis8;  if  C  be  15  and  D  80^ 
A  D  is  35  ;  and  farther,  if  A  B  combine  with  C  D,  the 
number  of  A  B  C  D  is  43,  and  so  on. 

It  is  to  be  regretted  that  the  advocates  of  this  doctrine 
have  fixed  on  difibrent  bodies  as  their  standard  ;  accords 
ingly,  the  numbers  given  to  different  substances  are  not 
the  same.  Dalton  has  adopted  hydrogen,  and  called  it 
1,  while  Wollaston,  Thomson,  and  others,  have  chosen 
oxigen.  If  hydrogen  be  taken  as  the  standard,  the 
numbers  to  be  applied  to  all  other  bodies  are  integers, 
but  owing  to  the  small  quantity  in  which  it  enters  into 
union,  they  become,  in  many  cases,  very  high.     If  oxigen 
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be  used,  the  numbers  are  in  each  case  only  an  eighth  of 
those  of  the  hydrogen  scale,   and  though  fractions  do 
occur,    yet  they  are  only  three,    .25,    .5,  .75,  so  that 
small  numbers  and  these  fractions  are  more  easily  re- 
collected than  large  ones ;  besides,  one  half  of  the  pro- 
portional numbers  are  integers*     For  this  reason,  the 
oxigen  scale  is   usually  adopted;  and  I  intend  to  ad- 
here to  it  throughout,   in  giving  the  proportional  num- 
bers, when  detailing  the  chemical  qualities  of  different 
bodies.     Should  the  hydrogen  scale  be  preferred,  it  is 
ettsj  translating  the  one  to  the  other,  for  each  number, 
according  to  the  latter,  is  just  eight  times  greater  than 
those  of  the  former,  because  each  being  taken  as  unity, 
oxigen  is  eight  times  as  heavy  as  hydrogen.      Again, 
Mr  Dalton  uses  the  numbers  to  denote  the  relative  weights 
of  the  atoms;  for,  assuming  it  as  a  fact,  not  only  that  bodies 
unite  atom  to  atom,  but  that,  when  there  is  only  one  com- 
pound of  two  substances,  they  are  one  atom  to  one  atom, 
he  has  endeavoured  to  ascertain  the  relative  weights  of 
these.     Thus,  if  water  be  a  compound  of  one  atom  of 
hydrogen  and  one  atom  of  oxigen,   and  as  they  are  in 
the  ratio  of  1  to  8,  considering  the  weight  of  the  atom 
of  the  former  as  1,  that  of  the  latter  is  8,  and  so  on  with 
other  bodies,  so  that  the  numbers  applied  to  them  may 
denote  the  weights  of  their  atoms.     It  has  been  already 
mentioned,   that  though  the  speculations  of  Dalton  ac 
count  for  the  doctrine  of  proportions,  we  have  no  proof 
whatever  that  bodies  combine  atom  to  atom ;  it  would  be 
much  better,  therefore,  that  the  numbers  were  used  mere- 
ly as  representing  the  proportions  in  which  bodies  unite, 
because,  in  stating  it  in  this  way,  it  is  expressing  a  fact, 
whereas  the  other  is  merely  the  language  of  hypothesis. 
This  is,  however,  the  expression  now  generally  adopted, 
and  even  by  those  who  may  use  the  numbers  as  denoting 
only  the  proportions,  so  that,  when  we  speak  of  the  atom 
of  a  body  being  16,  we  view  this  either  as  denoting  the 
weight  of  its  atom   relative  to  that  of  the  standard,  or 
the  proportion  by  weight  in  which  it  will  unite  with  it. 
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The  practical  uses  of  a  knowledge  of  the  laws  of  the 
doctrine  of  proportions,  are  numerous  and  important* 

1^^,  By  applying  numbers  to  different  substances,  we 
can  much  more  easily  recollect  the  quantities  in  which 
they  unite,  and  of  course  the  proportions  of  the  ingre» 
dients  of  compounds,  than  in  the  usual  way  of  stating 
them  in  100  parts,  by  which,  in  each,  the  numbers  of  the 
different  substances  vary.  Thus,  to  take  those  of  oxigen 
and  nitrogen,  according  to  the  old  mode,  the  composition 
is  as  follows : 

Nitr.  Ox. 

Nitrous  oxid,         -  -  63.5     36.5 

Nitric  oxid,         ...       46.5     53.5 
Nitrous  acid,  -         -  30.5     69.5 

Nitric  acid,         -         -         -       26        74 
But  according  to  the  atomic  doctrine,  they  are, — 

By  weight.  Atoms. 

Nitr. 

Nitrous  oxid,  -  17.5 

Nitric  oxid,        -         -         17.5 

Nitrous  acid,  -  175 

Nitric  acid,  -  -  17.5 
2J,  Should  a  substance  be  discovered,  by  fixing  its  ato- 
mic number  by  a  few  experiments,  we  have  the  propor* 
tion  in  which  it  will  unite  with  other  bodies,  because  theiv 
numbers  point  out  the  proportions  in  which  they  com^ 
bine,  not  only  with  the  standard,  but  also  with  each  other. 
If  the  standard  A  be  1,  B  2,  C  3,  D  4,  and  Z,  the  newly 
discovered  substance,  be  found  to  be  8,  which  is  ascertain- 
ed by  finding  the  proportion  in  which  it  will  unite  with 
A,  then  it  will  combine  with  the  others  in  the  ratio  of  Z 
8,  to  B  2,  to  C  3,  to  D  4,  or  some  multiple  of  these* 
Should  it  not  combine  with  the  standard,  we  have  merely 
to  find  the  proportional  number  by  uniting  it  with  any 
other  body,  and  it  will  then  be  found  to  enter  into  union 
with  all  others  for  which  it  has  an  affinity,  according  to 
the  numbers  prefixed  to  them. 

3d,  It  follows  from  this,  that  we  may  have  recourse  to 
calculation  to  correct  the  result  of  analytical  experiments. 
Thus,  if  A  be  1,  B  S,  C  3,  D  4,  and  on  analysing  a  com- 
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pound  of  CD,  the  result  gives  the  proportions,  C  3,  D 
SJ9f  it  is  at  once  inferred,  that  there  is  an  error  in  the 
analysis,  and  that  they  ought  to  have  been  3  to  4.  Far- 
ther, if  A  and  B  unite  in  two  proportions,  and  the  analy- 
sis gives  in  the  first  compound  A  1,  B  S,  but  in  the  s»- 
oand,  A  1,  B  3.9,  it  is  also  inferred,  that  there  is  an 
error,  because,  according  to  the  doctrine  of  proportions, 
the  quantity  of  B  in  the  second  compound  must  be  a  mul- 
tiple of  that  in  the  first.  It  is  therefore  considered  to  be 
A  1,  B  4. 

4ttAy  We  are  also  enabled  to  explain  another  very  re- 
markable occurrence, — that  when  compounds  are  decom- 
posed, and  their  ingredients  enter  into  a  new  state  of 
eombination,  they  are  just  in  such  proportions  as  to  neu- 
tralize each  other,  so  that  there  is  no  excess  of  any  of 
them.  If  bodies  unite  according  to  the  numbers  applied 
to  them,  and  they  enter  into  other  states  of  combination, 
they  must  combine  again  according  to  these  numbers. 
Thus,  suppose  A  1,  B  2,  C  3,  D  4,  and  that  AB  and 
CD  are  united  in  these  ratios ;  then  if  A  and  C,  and  if 
B  and  D  unite,  they  must  again  do  so  in  the  same  ratio, 
A  1,  C  S,  and  B  S,  D  4.  One  instance  of  this  will  be 
iaflBdent ;  the  composition  of 

Sulphate  of  soda    is  acid  50  soda     40     =  90. 
Muriate  of  baryta  is  acid  35  baryta  975  =  132.5 
Sulphate  of  baryta  is  acid  50  baryta  97.5  =  147.5 
Muriate  of  soda      is  acid  35    soda    40     =75 
Now  the  above  table  shews  that  the  acid  in  90  of  sul- 
phate of  soda,  is  just  what  is  requisite  for  the  neutraliza- 
tion of  the  earth  in  132.5  of  muriate  of  baryta,  while  the 
muriatic  acid  in  the  latter  is  that  requisite  for  the  soda 
in  the  former  ;  so  that  by  mixing  90  of  the  one  with  132.5 
qI  the  latter,  the  ingredients  enter  into  a  diiferent  state 
of  union,  and  there  is  no  excess  of  any  of  them.     Should 
too  much  of  one  of  the  salts  be  employed,  it  is  left  unde- 
composed.     Hence  it  is,  that  in  many  cases  of  decompo- 
sition, there  are  no  apparent  marks  of  action,  because 
there  is  no  disengagement  of  any  of  the  component  parts. 
Connected  with  the  doctrine  of  proportions,  are  some 


160  CHBMICAL  ATTBACTION. 

remarkable  laws  with  respect  to  the  union  of  gases.  1*)|e 
law  laid  down  by  Gay  Lussac,  has  been  already  noti^jQ^ 
that  gases  unite  in  ratios  the  most  simple.  Therv  im 
however,  another  very  important  one  with  respect  to 
the  volume  occupied  by  the  product.  When  gaaef 
unite,  and  the  compound  is  gaseous,  there  is  either  no 
change  in  the  volume,  or  if  there  be  a  diminution  or  en- 
largement, it  bears  a  simple  ratio  to  that  of  one  of  the  in- 
gredients.    Thus, 

Chlorine  1,  Hydrogen  1,  give  Muriatic  acid  2. 
Nitrogen  2,  Oxigen       1,    =    Nitrous  oxid    2. 
So  that  in  the  first  there  is  no  change  in  the  bulk,  but 
in  the  last,  in  which  there  is  a  diminution,  it  is  equal  to 
that  of  the  oxigen.  The  same  law  is  applicable  also  to  the 
union  of  gases  with  solids,  the  product  being  gaseoui, 
there  being  either  no  change,  or  the  diminution  or  en- 
largement bears  a  ratio  to  that  of  the  simple  gas.     ThuBf 
Oxigen       1  vol.  +  Carbon  give  Carb.  acid         1, 
Oxigen       1  +  Carbon     =  Carb.  oxid         S. 

Hydrogen  2  +  Carbon     =  Carb.  hydrog.  ^. 

So  that  in  the  first  the  product  occupies  the  same  space 
as  the  simple  gas,  in  the  second  the  enlargement  is  the 
same  as  the  volume  of  the  oxigen,  and  the  diminution  in 
the  last  is  equal  to  half  of  the  hydrogen 

The  knowledge  of  these  laws  is  also  of  the  utmost  im- 
portance in  analytical  chemistry,  because  we  are  by  them 
enabled  to  ascertain  with  the  utmost  accuracy  the  speci- 
fic gravity  of  compound  gases,  or  knowing  their  specifki 
gravity,  we  can  infer  the  proportions  of  their  ingredients. 
If  oxigen  give  its  own  volume  of  carbonic  acid,  it  is  evi- 
dent that  the  latter  must  be  heavier  than  the  former,  by 
the  weight  of  the  carbon  with  which  it  has  united ;  so 
that,  deducting  the  specific  gravity  of  the  oxigen  from  that 
of  the  acid,  the  remainder  must  be  the  weight  of  the  car- 
bon, and  thus  we  have  the  proportion  of  the  ingredients. 
Again,  one  of  chlorine  gas  unites  with  one  of  hydrogen 
to  form  two  of  muriatic  acid,  so  that  its  specific  gravity 
must  be  half  the  sum  of  those  of  its  ingredients,  because 
in  one  volume  there  is  half  a  volume  of  each.     If  two  of 
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mtfogen,  and  one  of  oxigen,  give  two  of  nitrous  oxid,  its 
ipecific  gravity  must  be  the  specific  gravity  of  nitrogen, 
+  lialf  that  of  oxigen,  because,  as  the  three  are  condensed 
iato  two^  each  volume  must  have  one  of  nitrogen,  and 
Uf  a  volume  of  oxigen,  so  that  the  specific  gravity  of 
a  compound  gas  is  easily  found  by  dividing  the  sum  of 
the  veigfata  of  its  ingredients  by  the  volume  occupied. 
Nitrous  oxid  is  composed  of  2  of  nitrogen,  and  1  of  oxi- 
go,  condensed  into  2,  and  the  specific  gravity  of  the  for- 
mer if  97S.2,  and  of  the  latter  1111.1,  so  that  that  of  ni- 
trous oxid  is 

972.2x8  +  1111.1       ,^^^^ 
g =  1527.7. 

Since  solids  combine  with  gases,  and  form  gaseous  pro- 
ducts, wc  may  easily  conceive  that  the  former  has  as- 
ramed  the  gaseous  form ;  and  thus  also  we  find  the  spe- 
cific gravity  of  this  substance,  were  it  in  the  gaseous  state. 
The  specific  gravity  of  oxigen  is  1111.1,  that  of  carbonic 
add  is  1527.79  and  as  the  latter  contains  its  own  volume  of 
the  former,  then  1527.7  — 1111.1  =  416.7.     Again,  the 
specific  gravity  of  carbonic  oxid  is  972.2,  and  each  volume 
eoatains  half  its  volume  of  oxigen,  then  972.2-— 555.5,  half 
the  specific  gravity  of  oxigen  =  416.7.  So  that  416.7  must 
be  considered  the  specific  gravity  of  carbon  vapour,  could 
ve  get  it  in   this   state.     The  same  may  be  done  with 
odier  solids,   and  the  utility  of  considering  the  solid  in- 
gredients of  gaseous  compounds  in  this  way  is  obvious. 
Thus,  it  has  been  stated,  that  carburetted  hydrogen  con- 
tains twice  its  bulk  of  hydrogen  compressed  into  one, 
and  the  specific  gravity  of  this  gas  is  555.5,  that  of  hydro- 
gen being  69.4.     Now  69.4  x  2  =  138.8,  and  555.5  — 
188.8  =  416.7«  so  that  it  is  a  compound  of  2  volumes  of 
hydrogen,  and  1  of  carbon  vapour.    But  there  is  another 
gas  containing  the  same  ingredients,  the  olefiant,  and  in 
each  volume  of  which  there  are  also  2  of  hydrogen.     Its 
specific  gravity  is  972.2,  now  972.2  —  138.8  =  833.4, 
but  "^  V  ^  =  416.7 ;  so  that  it  contains  2  volumes  of  car- 
bon, or  exactly  twice  as  much  as  the  other. 

Connected  with  the  atomic  doctrine,  and  the  theory  of 
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volumes,  is  the  general  law  announced  by  Prout,  (An.  ol 
Fb.  vi.)  that  the  specific  gravity  of  a  gas  is  easily  ascer- 
tained, by  multiplying  its  atomic  weight  (oxigen  being 
the  standard,)  by  555.5,  or  half  the  specific  gravity  of 
oxigen ;  and  that  it  must  be  so  is  obvious.  If  when  gases 
unite  atom  to  atom,  they  were  in  equal  volumes,  it  is  evi- 
dent that  the  atomic  weight  would  represent  their  qpecU 
fie  gravity,  but  this  is  rarely  the  case ;  indeed,  oonsidering 
oxigen  as  the  standard,  and  supposing  its  atom  to  be  re* 
presented  by  a  volume,  those  of  other  gases  are  denoted 
by  two  volumes.  Thus,  water  which  contains  an  atom 
of  each  of  its  ingredients,  is  composed  of  1  of  oxigen,  and 
2  of  hydrogen.  Nitrous  oxid,  consisting  also  of  an  atom 
of  each  of  its  constituents,  consists  of  1  of  oxigen,  and'S 
of  nitrogen,  so  that  since  the  atoms  by  volume  are  2  to 
1,  their  specific  gravities  are  not  as  their  atomic  weights^ 
but  as  the  atomic  weight  of  the  one,  multiplied  by  half 
the  specific  gravity  of  the  other.  Thus,  oxigen  being 
1111.1,  that  of  hydrogen  is  69.4,  its  atom  being  1.26; 
and  that  it  is  so,  the  above  formula  will  shew. 

1,25  X  556.6  =  69.4. 
The  atomic  weight  of  nitrogen  is  17.6,  and  17.6  x  666.6 
=  972,  which  is  its  specific  gravity. 


Connected  also  with  the  atomic  doctrine,  is  the  sliding 
scale  of  chemical  equivalents,  constructed  by  Wollaston ; 
for  an  account  of  which,  see  Appendix, 
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Bkfokx  proceeding  to  detail  the  chemical  qualities  of 
different  bodiet,  I  think  it  proper  to  state  a  few  of  the 
mechanical  properties  ol  the  air  of  the  atmosphere,  be- 
cause it  is  necessary  that  the  reader  be  made  acquainted 
with  the  leading  facts  eonceming  the  pressure  of  the  afr^ 
irtiich  has  so  important  an  influence  over  many  of  the  op^ 
utions  of  chemistry  ;  indeed,  it  is  impossible  to  carry  on 
some  of  these,  and  at  the  game  time  exclude  its  agency. 
It  must  not,  however,  be  supposed,  that  I  am  to  enter 
folly  into  this  subject,  as  it  is  one  properly  belonging  to 
medianiGal  philosophy. 

The  air  of  the  atmosphere,  or  that  mass  of  aerial  fluid 
which  surrounds  the  globe,  has,  since  experimental  philo- 
sophy began  to  flourish,  been  a  subject  of  particular  in- 
tevest,  more  especially  with  respect  to  its  mechanical  pro- 
perties, which  were  sooner  made  known  than  its  chemical 


Air  is  inodorous  and  tasteless ;  it  is  also  transparent 
and  colourless,  hence  of  course  it  is  invisible.  It  possess- 
es the  three  distinctive  mechanical  properties  of  all  aeri- 
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form  fluids,  tenuity^  compressibility,  and  elasticity, ^^Hy 
tenuity  is  meant,  that  the  particles  are  far  removed  from 
each  other.  The  specific  gravity  of  air  is  reckoned  1000, 
other  aeriform  substances  being  referred  to  it  as  th^  stan- 
dard. At  60  F.  and  barometer  30,  100  cubic  inches 
weigh  30.5  grs. — By  compressibility  is  meant,  that  the 
particles  may  be  brought  nearer  each  other,  or  that  it 
may  be  made  to  occupy  less  space  than  it  naturally  does. 
Thus,  if  it  be  subjected  to  pressure,  it  is  diminished,  as 
is  shewn  by  taking  a  bent  tube  shut  at  A,  and  open  at 
B.  By  pouring  in  a  little  mercury,  so  as  to  occupy  the 
bent  part  at  C,  air  is  confined  in  the  shorter  limb,  and 
we  can  subject  this  to  pressure  by  putting  in  more  mer- 
cury, say  to  D,  by  which  that  in  the  opposite  one  rises, 
say  to  E,  proving  that  the  air  is  reduced  in  p|B 
volume.  If  it  be  poured  in  to  F,  it  will  rise  F 
in  the  other,  say  to  G,  shewing  that  it  is 
still  farther  diminished.  It  has  been  prov- 
ed by  experiment,  that  the  diminution  is  in  D 
proportion  to  the  pressure  :  That  is,  if 
twice  the  pressure  which  it  usually  sustains 
be  applied,  it  is  reduced  to  one  half,  if  four 
times  the  pressure,  to  one  fourth,  and  so  on. 
Some  experiments  have  been  lately  perform-  ^ 

ed  by  Mr  Perkins,  by  which  it  is  said  he  has  been  en* 
abled  to  apply  so  great  a  compressing  force,  as  actually 
to  cause  it  to  become  liquid. 

It  is  remarkable  that,  in  compressing  air,  caloric  is 
evolved,  and  if  the  compression  be  sudden,  the  heat  gene- 
rated  is  sufficient  to  set  fire  to  inflammables.  In  work- 
ing the  condensing  syringe  of  an  air  gun,  it  always  be- 
comes warm.  Here,  however,  much  of  the  heat  evolved 
must  depend  on  friction,  but  by  a  particular  contrivance 
tinder  can  be  kindled,  or  even  gunpowder  exploded^ 
merely  by  the  condensation  of  air,  and  if  the  apparatus 
in  which  the  compression  is  effected,  be  terminated  by  a 
glass  tube,  light  is  observed  to  be  disengaged.  The 
practical  application  of  this  fact  has  been  already  explain- 
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«d,  (see  p.  86.)  and  the  opinions  entertained  with  respect 
to  the  generation  of  the  heat,  have  been  given  at  p.  87. 

As  the  pressure  is  removed,  the  air  regains  its  former 
lize,  or  if  part  of  that  which  it  always  sustains  is  with- 
drawn, it  enlarges ;  hence  it  is  said  to  have  elasticity. 
The  elasticity  of  the  air  is  shewn  by  placing  a  bladder 
half  full  of  it,  under  the  receiver  of  an  air-pump,  and  ex- 
hausting ;  as  we  withdraw  the  air,  in  other  words,  di- 
miniA  the  pressure,  the  bladder  becomes  distended, 
from  the  enlargement  of  that  within  it ;  indeed,  the 
whole  operation  of  the  pump  itself  depends  on  the  elas- 
ticity of  the  air ;  for  when  the  piston  is  drawn  up, 
by  which  a  vacuum  is  produced,  that  in  the  receiver, 
owing  to  its  elasticity,  expands,  and  part  of  it  rushes 
into  the  syringe.  When  the  piston  is  forced  down,  this 
is  expelled  through  the  valve ;  and  on  again  raising 
it,  more  is  drawn  out,  so  that,  by  alternately  raising  and 
depressing  it,  almost  the  whole  may  be  withdrawn.  It 
IS  evident,  however,  that  the  whole  cannot  be  taken  out; 
tor  when  the  elasticity  of  what  remains  in  becomes 
trifling,  it  ceases  to  move  the  valve,  so  that  any  farther 
working  ci  the  pump  does  not  withdraw  more.  The 
more  easily,  therefore,  the  valves  are  moved,  the  more 
nearly  does  the  vacuum  approach  to  a  perfect  one. 

Experiments  have  shewn,  that  the  enlargement  keeps 
pace  with  the  diminution  of  pressure ;  that  is,  if  one- 
half  of  the  original  pressure  be  removed,  it  is  doubled 
in  its  volume,  and  so  on. 

Air  is  also  possessed  of  weight ;  but  this  differs  ac- 
cording to  the  height  of  the  place  at  which  it  is  taken. 
As  that  below  sustains  all  above  it,  it  is  much  compress- 
ed, and  is  therefore  the  heaviest  The  weight  of  the 
air,  in  other  words,  the  pressure  of  the  atmosphere,  is 
proved  in  many  ways.  If  a  receiver  be  placed  on  the 
plate  of  an  air-pump,  and  exhausted,  we  are  unable  to 
move  it,  because  it  is  kept  down  by  the  weight  of  the  air 
around  it.  If,  instead  of  using  the  receiver  for  this  ex- 
periment, a  white  iron  cylindrical  box  be  employed,  an 
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the  air  within  is  withdrawn,  the  sides  are  driven  in,  not 
being  able  to  sustain  the  weight  of  that  around  it.  Or 
if  a  long  tube,  with  a  stq^cock,  be  exhausted  by  the 
pump,  and  then  have  the  cock  opened  under  water, 
the  fluid  will  be  forced  in  by  the  pressure  of  the  air  on 
the  surface  of  that  in  the  basin.  It  has  been  ascertained 
by  experiment,  that  the  pressure  of  the  air  is,  on  sa 
average,  equal  to  151b.  on  the  square  inch,  which  is  the 
same  as  that  of  a  column  of  mercury  of  SO  inchea. 
If,  therefore,  a  long  tube,  shut  at  one  end,  be  filled 
with  mercury,  and  inverted  in  a  cup  of  the  same  fluid, 
only  part  escapes;  there  will  remain  about  SO  inchei^ 
retained  there  by  the  prossure  of  the  air  on  the  surface  of 
that  in  the  cup.  Wiere  the 'pressure  increased,  the  mercury 
would  stand  higher ;  wexeit,  on  the  contrary,  diminidied, 
it  would  be  Lower,  aoftd  hence  the  use  of  a  tube  contatmng 
mercury,  and  ixive9Dt»diit^:basin  of  it,  as  a  measure  of 
the  pressure  of  die  •at.mciq>h'ere ;  and  as  the  air  varies  m 
weight,  according  to  its  sitate  with  respect  to  diyneaaand 
moisture,  we  have  thus  ah  indication  of  any  change  likdj 
to  take  place  in  the  weather.  The  instrument  is  called  a 
barometer,  ^«^,  heavy ^  and  jwr^ii ,  a  measure.  If  the  moutk 
of  the  tube,  in  the  former  experiment,  be  plunged  under 
water,  •  the  mercury  irill  escape^  and  the  water  will  rise; 
but,  in  this  caae^  it  >?ill  fill  the  tube,  because,  being 
lighter,  the  air -can  sustain  a  greater  column  of  it. 
It. bas'iboen' found,  that  the  pressure  of  the  air  is 
equivalent  to  that  of  a  column  of  water,  of  about  84 
feet ;  so  that,  if  the  tube  were  of  this  length,  the  water 
would  fill  it,  being  forced  in  by  the  pressure  of  the 
air.  Hettoe  it  is  that  we  are  enabled  to  raise  waMr 
eiily  to  a  certain  height  in  a  pump ;  for  when  the  piston 
is  drawn  up,  a  vacuum  is  produced,  which  is  imme* 
diately  filled  by  the  fluid  at  the  bottom  being  forced  ia 
by  the  air  pressing  on  it ;  but  when  this  is  brought  up  to 
about  34  feet,  any  further  working  does  not  elevate 
the  water  more,  because,  though  a  vacuum  be  pro- 
duced, the  pressure  of  the  air  cannot  sustain  a  longer 
column. 
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From  what  has  been  said  of  the  pressure  of  the  atmo- 
tfhere^  its  agency  in  some  experiments  previously  noticed 
will  now  be  apparent.  In  the  filling  of  thermometers, 
(see  p.  14)  and  in  the  experiment  by  which  the  conden- 
sation of  yapour  was  proved,  (p.  67.)  it  was  it  that  caus- 
ed the  rise  of  the  fldid  into  the  apparatus. 

Since  the  lower  column  of  air  sustains  the  pressure  of 
that  wiuch'^is  lUiove  it,  we  must  pay  particular  attention 
Id  this  circumstance,  when  experimenting  on  it,  because 
it  most  diange  its  volume  according  to  the  pressure,  and 
wiless^  therefore,  we  know  that  to  which  it  is  subjected, 
we  may  be  deceived  with  respect  to  the  actual  quantity 
on  which  we  are  operating. 

The  volume  of  air  confined  in  jars,  over  fluids,  may  be 
altered  in  three  ways :-— 15/,  By  the  pressure  of  the  at* 
mtmpbere  varying.— -2J,  When  the  fluid  over  which  the 
jars  are  standing,  is  not  on  a  level  on  the  outside  and 
iBside.*-&i,  By  an  alteration  of  temperature. 

1«<,  As  the  change  of  pressure  causes  a  variation  in 
the  balk  of  air,  it  has  generally  been  agreed  on,  in  stat- 
ing the  results  of  experiments,  to  fix  on  a  certain  pressure 
aa  a  standard.  This  is  when  the  barometer  is  at  80.  In 
experimenting  on  it,  diould  the  barometer  not  stand  at 
80^  or  should  any  variation  have  taken  place  during  the 
performance  of  the  experiment,  we  must  make  allowance 
Cor  it ;  which  is  done  by  the  following  formula. 

7b  reduce  air  ai  any  preaeurey  to  a  etandard  preasurey 
(hatr,  80*)  fnuUy[)ljf  the  volume  by  IhepreeeurCj  and  divide 
Ike  fnkk^d  by  80.  Thus,  suppose  we  have  SO  cubic 
iacbes  ai  589^  and  wish  to  know  what  space  they  would 
oecwpy  at  80, 

«0  X  «9  =  680  and  ^  =  19.3 

so  that  20  cub.  inches  at  29  would  be  19.3  at  30 ;  of  course 
this  q^es  whether  the  pressure  is  greater  or  less  than 
the  standard,  and  by  it  also  the  volume  at  any  pressure 
can  be  ascertained. 

2d,  When  air  is  confined  in  a  jar,   and  the  fluid  not 
on   a  levd,    it    does  not   sustain    the  usual    pressure, 
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and  is  therefore  not  of  tlie  proper  bulk.  If  it  be 
highest  on  the  outside,  the  air  is  diminished,  because, 
in  addition  to  the  usual  pressure,  it  has  that  of  the 
column  of  fluid ;  if,  on  the  contrary,  it  is  highest  on 
the  inside,  it  is  enlarged,  because  some  of  the  pressure 
being  spent  in  keeping  the  fluid  in  the  jar,  the  air  over 
it  is  deprived  of  a  part,  in  other  words,  it  has  the  pres- 
sure of  the  atmosphere  minus  what  is  necessary  to 
sustain  the  column  of  fluid.  If  mercury  be  employed, 
the  change  in  volume,  owing  to  its  weight,  is  consider- 
able. In  experimenting  on  air  in  jars,  standing  on  a 
water  or  mercurial  trough,  we  must  attend  particularlj 
to  this  circumstance ;  if  the  trough  be  deep  enough,  we 
ought  always  to  bring  the  fluid  to  a  level,  and  this  must 
be  attended  to  especially  with  mercury,  because,  owing 
to  its  great  weight,  any  slight  difference  makes  a  con- 
siderable variation  in  the  bulk.  If  we  cannot  bring  the 
fluid  to  a  level,  allowance  must  be  made  by  the  follow- 
ing formulae. 

If  the  fluid  be  JiigJiest  on  the  inside,  subtract  iiw 
height  Jrom  that  of  the  barometer,  multiply  by  the  volume 
of  airy  and  divide  by  the  standard  pressure.  Thus,  sup- 
pose 20  inches  of  air  in  the  jar,  and  the  mercury  three 
inches  above  the  level, 

30  —  3  =  27  X  20  =  ^  =  18 

30 

So  that  20,  were  the  mercury  at  a  level,  would  be  18. 

If  the  fluid  on  the  outside  is  highest,  then,  instead  of 

subtracting,  we  must  add  the  height  qfthejltiid  to  that  of 

ths  barometer,  mitlliply  by  the  volume,  and  divide  by  the 

standard.     Thus,   suppose  the   fluid  3  inches  higher  on 

the  outside  than  the  inside,  and  we  have  20  inches  of  air  : 

30  +  3  =  33  X  20  =  ^  =  22 

By  dividing  by  30,  the  standard  height  of  the  barometer, 
we  reduce  the  air  to  the  space  it  ought  to  occupy,  were 
the  fluid  on  a  level,  and  were  the  barometer  at  the 
average  height. 

As   the   pressure   of  the   atmosphere   can  support  a 
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column  of  water  of  S4  feet,  or  408  inches,  we  must  use 
this  instead  of  30,  when  air  is  confined  over  it.  Thus, 
suppose  as  before,  the  diflFerence  is  3  inches, 

408  —  3  =  405  X  20  =  ?^  =  19.85 

408 

or,  408  +  3  =  411  X  20  =  ^^  =  20.14 

408 

Sdj  The  volume  of  air  may  be  varied  by  a  difference 
in  temperature.  Air  does  not  suffer  any  alteration  by 
the  addition  or  abstraction  of  heat,  excepting  a  change 
of  volume :  but  different  statements  have  been  given  of 
the  change  produced.  Sir  G.  Shuckburgh  asserts,  that 
in  rising  from  S2  to  50,  it  is  increased  1-41 2th  part  for 
each  degree.  Roy,  on  the  contrary,  says  that  the  in- 
crease is  1-419,  while  De  Luc  makes  it  1-480,  with  which 
the  experiments  of  Dalton,  (Manchester  Mem.  v.)  and 
Gay  Lussac,  (An.  de  Ch.  xliii.)  very  nearly  agree.  This 
is  now  universally  allowed  to  be  the  change  effected ; 
l*480th  part  for  the  addition  of  a  degree  at  32.  Know- 
ing this,  we  can  easily  reduce  the  volume  from  any  tem- 
perature to  the  standard  60  F.  or  to  any  other  tem- 
perature, by  the  following  formula. 

Add  the  number  of  degrees  which  the  gas  is  above 
SS,  to  480,  and  we  get  the  first  number  of  the  formula. 
Add  the  number  of  degrees  which  the  required  tempera- 
ture is  above  32,  to  480,  and  the  product  will  be  the 
second  number.  The  volume  of  the  air  at  the  given 
temperature,  is  the  third,  and  the  fourth  will  give  the 
volume  required.     (An.  of  Ph.  vi.  N.  S.) 

Thus,   it  is   wished  to  know  how  much  100  cubic 
inches  of  air,  at  60,  would  occupy  when  heated  to  96. 

60  —  32  =  28  +  480  =  508 

96  —  32  =  64  +  480  =  544 

508  :  544  :  :  100  :  107.08. 

Suppose  the  temperature  is  to  be  reduced.     Thus,  the 

volume  of  100  inches,  when  reduced  from  76  to  40,  is 

required. 

75  —  32  =   43  +  480  =523 

40  —  32  =    8  -h  480  =  488 

523  :  488  :  :  100  :  93.3. 
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According  to  Davy,  (Phil.  Trans.  1823,)  the  expan- 
sion of  air  by  heat  is  the  same,  whatever  be  the  density. 
If,  for  instance,  it  be  under  double  its  usual  pressure, 
that  is,  reduced  to  one  half,  and  heat  applied,  the  en- 
largement is  just  the  same  as  if  air  of  usual  density  were 
employed. 

The  preceding  remarks,  with  respect  to  the  change 
produced  in  the  volume  of  air,  whether  by  an  alteration 
in  the  pressure  of  the  atmosphere,  or  of  temperature,  or 
by  the  fluids  in  the  jars  not  being  on  a  level,  apply  to  all 
bodies  in  the  aeriform  state.  It  has  been  found  by  nu- 
merous experiments,  that  all  gases  are  equally  changed 
by  equal  alterations  of  temperature,  or  pressure,  so  that 
should  any  gas  be  the  subject  of  experiment,  the  requir- 
ed volume  is  found  by  the  same  formulae.  Hence,  it  in 
unnecessary,  in  detailing  the  chemical  history  of  gases, 
to  state  the  changes  produced  by  the  variation  of  pressure 
or  temperature. 

Among  the  ancients,  air  was  considered  one  of  the 
elements.     About  the  middle  of  the  last  century,  Hooke 
and  Mayow  infared*  from  its  supporting  combustion, 
that  it  was  a  compound ;  but  this  was  mere  conjecture 
they  did  not  support  their  opinion  by  experiment     It 
waa  not  till  towards  the  end  of  the  century,  that  it  was 
discovered  to  consist  of  different  ingredients.     The  exr- 
periments  of  three  chemists,  performed  nearly  about  the 
same  time,  and  unknown  to  each  other,  proved  satisiac 
torily  that  it  is  composed  of  two  substances,  possessed  of 
opposite  properties,  one  supporting  combustion  and  re- 
spiration, the  other  having  neither  of  these  qualities. 
Besides  these,  air  contains  other  substances,  but  which 
may  be  considered  adventitious,'^— they  are  watery  va- 
pour, and  the  elastic  fluid  called  carboxiic  acid.     But  the 
consideration  of  this  subject  will  again  be  resumed,  after 
having  described  the  properties  of  the  ingredients  of  the 
air,  oxigen  and  nitrogen. 


SECTION  IL 

ACIDIFYING  AND  ALKALIFYING 

PRINCIPLES  ». 


0XI6EN. 

Xhb  merit  of  die  difooverj  of  tibis  important  lubstaDce^ 
ptfiwipa  the  most  widely  diffused  md  energetic  in  nature, 
li  due  to  Priestley,  Lavoisier,  and  Scheele.  These  emi« 
aoit  chemists  weve  nearly  about  the  same  thne  carrying 
da  esperimcnts  in  different  countries,  by  if  hidi  each,  un^ 
kaovB  to  the  others,  dlscorered  the  elastic  fluid,  and 
]Bmred  it  to  be  a  distinct  body.  Priestley  has,  hbwerer, 
the  merit  of  priority.  In  1T74,  he  procnredra  ^uaniity 
•f  it,  by  exposing  to  the  sun'^s  rays,  concentrat^/hy  a 
lens^  the  anhstSBice  called  red  oxid  of  mercury,  but  bet- 
Ur  hnown  by  Ae  name  of  red  precipitate,  l^  which  an 
aeriform  matter  was  disengaged,  having  the  power  of 
soppcrting'  combnstion  with  a  flame  much  more  brilliant 
than  that  in  atmospheric  air.  Sdieele  in  1T77  obtained 
it,  by  sabjecting  nitre  or  saltpetre  to  heat ;  and  Lavcnsier 
procured  it  in  the  same  year,  by  a  process  similar  to  that 
of  Priestley. 

ffinee  its  dKscovsery,  it  has  had  different  names.  It  was 
at  first  termed  vtial  and  empyreal  air,  from  its  power  of 
supporting  respiration  and  combustion,  and  ham  a  hy« 
poAtiis  whidi  at  one  time  existed  widi  respect  to  the 


•  By  lb#.tct»  oliPiril,  If  hei»  BMMit  ft  mUSsUc  bue,  or  one  «Uch,  wkk  an 
add^  wUllfraiaMlt. 
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nature  of  the  latter,  it  was  termed  dephlogisticated  air. 
These  have,  however,  now  given  way  to  that  of  oxigen^ 
derived  from  a  property  to  be  immediately  mentioned. 

Oxigen  gas  is  transparent  and  colourless,  hence  it  is 
invisible.  It  has  neither  taste  nor  smell.  It  of  course 
possesses  the  three  distinctive  features  of  all  aeriform 
bodies,  tenuity,  compressibility,  and  elasticity.  It  is 
heavier  than  atmospheric  air ;  but  different  statements 
have  been  given  of  its  specific  gravity.  According  to 
Eirwan  it  is  1103,  to  Davy  1127,  and  to  Allan  and  Pe- 
pys  1108.  Dr  Prout  and  Dr  Thomson,  however,  make 
it  llll.l,  which  is  generally  considered  to  be  correct.— 
100  cubic  inches  at  60  F.  and  Bar.  30,  weigh  33.9  gr. 

Caloric  causes  no  change  in  it,  except  in  volume,  the 
expansion  following  the  law  mentioned,  l-480th  part  for 
each  degree  at  32.  It  has  not  yet  been  condensed,  either 
by  the  abstraction  of  heat,  or  by  pressure. 

Light  has  no  action  on  it.  It  has  been  mentioned, 
however,  by  Biot,  that  light  is  disengaged,  when  glass 
balls  filled  with  it  are  broken  in  vacuOf  and  from  which 
he  infers  that  the  light  proceeds  from  the  gas  itself. 
Others  have,  however,  asserted,  that  it  is  extricated  by  the 
particles  of  glass  rubbing  violently  against  each  other, 
which  is  rendered  probable  by  the  discoveries  of  Mr 
Hart,  (Lond.  Journ.  XV.)  that  air  discharged  from  an 
air-gun,  emits  light  only,  when  particles  of  sand,  or  other 
hard  substances,  adhere  to  the  wadding,  and  rub  against 
the  sides  of  the  barrel  during  the  discharge. 

The  distinguishing  feature  of  oxigen  gas,  is  its  power 
of  supporting  combustion  and  respiration.  Many  in* 
flammables,  when  put  into  it,  instantly  take  fire ;  but 
others  require  an  elevation  of  temperature,  and  all  of 
them  burn  in  it  with  great  splendour.  If,  for  instance, 
a  candle  which  has  just  been  extinguished,  but  still  hav- 
ing the  wick  red,  be  put  into  a  vase  of  it,  it  is  kindled, 
and  bums  with  a  bright  white  flame. 

Phosphorus  burns  in  it  with  astonishing  splendour. 
For  this  purpose,  having  filled  a  vase.  A,  with  it,  intro- 
duce a  small  piece  of  phosphorus,  resting  on  a  copper 
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cup  and  stand,  B,  and  then  touch  it  with  a  hot 
■wire,  and  place  a  piece  of  tinned  iron  on  the 
mouth,  C  The  moment  the  phosphorus  is 
heated,  it  takes  fire,  and  the  combustion  is 
brilliaDt,  though  of  short  duration.  In  this 
experiment,  it  is  necessarj  to  have  the  vase 
placed  on  a  large  plate,  hecause,  owing  to  the  sudden  ge. 
aeration  of  heat,  it  is  apt  to  be  broken. 

Some  of  the  less  inflammable  bodies  also  bum  in  oxi- 
gen  gas.  Thus,  when  iron  in  the  state  of  fine  wire  is 
heated  in  it,  the  combustion  becomes  very  brilliant,  and 
it  can  be  shewn,  at  the  tame  time,  that  the  gas  is  con- 
ramed.  For  this  purpose,  into  a  jar  of  the 
gas  A,  open  at  both  ends,  and  standing  on 
a  pUte  of  water,  B,  introduce  at  C,  a  coil 
c^  very  fine  iron  wire,  the  end  of  which  be- 
ing tipt  with  sulphur,  is  previously  kindled. 
It  instantly  becomes  red  hot,  and  is  gradual- 
ly OHisumed,  emitting  a  bright  white  light ; 
at  the  same  time,  if  the  cork  to  which  it  is  1  L=^^^=J  |b 


fixed  St  C,  is  tight,  the  water  will  rise,  .and  fill  the  jar, 
bang  forced  up  by  the  pressure  of  the  atmosphere. 

Nuin^xius  other  iastances  of  combustion  in  oxigen,  will 
be  afterwards  given  when  describing  the  qualities  of 
the  substances  with  which  it  acts.  In  many  of  these,  the 
product  of  the  action  has  acid  properties ;  and  hence  the 
name  of  oxigen,  derived  from  Uie  Greek  words  4»(f  acid, 
and  jw,  to  generate,  being  at  the  time  this  was  given  it, 
supposed  not  only  to  generate  acids,  but  to  be  the  only 
generator  of  these  bodies.  Though  by  its  union  with 
others  it  forms  compounds  not  acid,  and  though  it  is  now 
koown  that  acids  exist  which  do  not  contain  oxigen, 
yet  the  name  is  still  retained. 

Oxigen  gas  is  likewise  necessary  for  the  support  of  life, 
as  an  animal,  when  deprived  of  it,  quickly  dies.  If  one 
be  omfiDed  in  a  given  quantity  of  it,  it  will  live  much 
IcHiger  than  in  the  same  bulk  of  air ;  but  pure  oxigen 
does  not  seem  well  adapted  for  respiration,  for  an  ani- 
mal  dies  in  it,   even  though  enough  is  left  to  support 
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the  life  of  another  for  some  time.  The  death  seems  to  be 
occasioned  by  its  powerful  stimulating  effects ;  and  hence, 
in  the  air  of  the  atmosphere,  it  is  greatly  diluted  with 
another  gas,  which  appears  to  possess  negative  qualities 
on  the  animal  system. 

Oxigen  is  a  universally  diffused  body ;  a  large  part  of 
the  air  is  composed  of  it,  {See  Nitrogen,)  It  is  also  n 
component  part  of  many  other  bodies  presented  by  na- 
ture. It  does  not,  however,  occur  any  where  pure ;  we 
are  obliged,  therefore,  to  have  recourse  to  the  decompo- 
sition of  its  compounds,  when  we  wish  to  prepare  it.  That 
from  which  it  is  usually  procured  for  common  purpofletf 
is  oxid  of  manganese,  (See  Manganese) ;  but  when  M> 
quired  for  particular  experiments,  it  is  generally  obtained 
from  red  oxids  of  mercury  c/r  of  lead,  or  from  chiorAtt 
of  potassa,  (which  see.) 

Soon  after  the  discovery  of  oxigen  gas,  it  was  thoui^t 
that  the  breathing  of  it  would  prove  of  great  servke  to 
those  affected  with  pulmonary  complaints ;  but  the  ae- 
counts  given  of  its  effects  are  very  contradictory,  some  aa* 
serting  that  it  really  was  useful,  while  others  stated  not 
only  that  it  was  of  no  service,  but  that  it  proved  injo* 
rious.  Oxigen  gas,  mixed  with  from  l*90th  to  l*10th  of 
nitrogen,  the  other  ingredient  of  the  atmosphere,  has  been 
breathed,  and  it  is  said  with  the  utmost  success,  in  a  caae 
of  dropsy  of  the  chest. 

It  has  been  already  mentioned,  (p.  156.)  that  cbemisti 
now  attach  numbers  to  different  substances,  according 
to  some,  to  show  the  proportions  in  which  they  enter  into 
union,  according  to  others,  to  denote  the  weight  of  their 
atoms ;  but  of  course  a  standard  is  necessary,  as  it  is  only 
by  comparison  that  we  speak  of  the  atoms.  For  this 
purpose,  most  have  chosen  oxigen,  while  some  have  fixed 
9n  hydrogen.  It  is  unnecessary  to  state  the  numbers 
given  by  different  authors ;  it  will  be  much  better,  aa 
less  likely  to  create  confusion,  to  keep  to  one  throughout. 
I  adopt  oxigen,  because,  takmg  it  as  10,  the  numbers  to 
be  applied  to  other  bodies  are  small ;  besides,  it  is  the 
standard  of  Dr  Thomson,  who  has  laboured  most  in  the 
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eludeUnkm  of  the  atomic  doctrine.     We  are  to  condder, 
tbeoy  the  atoBi  of  oxigen  as  10. 

HYDROGEN. 

BsYiOftX  proceeding  to  detail  the  jN'operties  of  hydro- 
gen, as  it  bdimgv  to  the  class  of  substances  long  known 
hf  the  name  of  inftanniables,  it  is  necessary  to  state  the 
aSeteai  -circumstances  concerning  inflammation  or  com- 
bosliott,-  sttd  to  gire  briefly  the  opinions  which  have  been 
sBtertatned  respecting  its  nature. 

The  tenarki  to  be  made  aj^ly  chiefly  to  common 
cnei  of  oombuation,  that  is,  to  combustion  carried  on  in 
the  naual  way  in  atmospheric  air. 

CombuaHon. 

By  coinbuitica  is  meant  that  certain  bodies,  when  heat- 
ed to  a  doe  }Htoh,  begin  to  emit  both  heat  and  light, 
aad  which  they  continue  to  do  for  some  time ;  they  seem 
also  to  be  consumed,  at  least  the  products  are  in  many 
olMinot  apparent. 

The  snbatances  that  undergo  this  change,  are  called 
m0amm0tlew  ait  eombuitibUs.  A  combustible  is  easily  dia* 
d^gffisbed  from  an  incombustible.  When  heat  is  added  to 
the  huter,  it  arrives  at  the  temperature  of  the  surround* 
ing  medium ;  but  the  moment  that  we  cease  to  apply  it, 
its  temperature  falls.  When,  on  the  contrary,  the  for- 
mer is  heated  to  a  certain  height,  it  gives  forth  heat  and 
l%ht,  and  continues  to  do  so  fnr  some  time,  though  the 
means  by  which  its  temperature  was  raised  is  withdrawn. 

It  has  been  said,  that  some  inflammables  aj^)ear  to  be 
annihilated  during  combustion.  Thus,  when  strong  spirit 
of  wine  is  kindled  in  a  saucer,  the  whole  of  it  disappears. 
Bnt,  in  thia  case^  it  is  not  annihilated;  it  is  merely 
changtd  into  other  bodies  which  we  do  not  observe, 
because  they  are  in  the  gaseous  form.  That  the  sub- 
stance is  not  annihilated,  may  be  shewn  by  setting  fire  to  a 
piaoe  of  phosphorus,  and  putting  a  bell  glass  over  it,  by 
which  a  white  flaky  matter  is  formed,  and  deposited  on 
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the  sides  of  the  apparatus.  The  same  is  the  case  in  ^yery 
instance^  the  inflammable  being  merely  converted  into 
another  bpdy. 

,  Some  bodies  burn  vvith  a  bright  flame,  while  others 
give  out  yeryUttle  light.  I^  ^^  remarkable,  also,  tbft 
in^omniabl^s  em^  different  coloured  lights.  .  Ingenj^ijil, 
t|K>se  that  buiv9  ^^  ^  ^^^  temperature  disengage  the.  mifit 
rf»p^Qg^blp,  r^^;  tl^us,  sulphuf*,  when  burning  slowly,  h$M 
a  blue  flame.  Those,  on  the  contrary,  which  rec^^uir^.  a 
hifrh  heat  foe  their  combustion,  .cnlve  out  the  lefist  refjran- 
gjplc  ^avs.  Charcoal  which  excites,  an. intense  heat^ 
em\ts  red  Iig]f)t  copiously.  When  the  temperature  if.ypsy 
hign.,,atia  the  combustion  rapid,  the  difi*erent  rays  are 
emitted  in  due  proportion,  constituting  white  light^. , 

ifip  keep  up  combustion,  air,  or  some  body  that  will  si^ 
plv  o:3(igeh.  is  necessary.  A  candle  will  not  bum  in  ^ 
efnaustcd  vessel ;  the  flame  is  even  extinguished,  unl^f 
the  air  be  renewed.  Thus,  if  a  lighted  taper  be  put  intD 
a  jar  of  air,  standing  over  water,  the  combustion  coq^ 
tinues  but  for  a  short  time. 

Air,  also,  in  which  a  candle,  has  been  burned,  is  reduc- 
cd  in  volume,  and  its  properties  are  completely  changi^ 
but  to  shew  that  this  is  the  case,  some  contrivance  miift 
be  resorted  to,  to  prevent  its  escape  when  expanded  Ijy 
the  heat.  If  sulphur  or  phosphorus,  A,  be  kindled,,  afjid 
a  jar  open  above  and  below,  B,  but  having 
a  tube  with  a  bladder  fitted  to  the  upper 
ajperture,.  C,  be  placed  over  it,  the  air 
at  the  bottom  being  confined  by  water  in  a 
basin,  D»  the  combustion  continues  but  for  a 
^ort  timp ;  and  after  it  has  ceased,  and  the 
apparatus  become  cold,  the  fluid  rises  in  the 
jar,  E,  shewing  that  part  of  the  air  has  been 
consumed.  If  a  taper  be  put  through  the 
upper  aperture,  into  the  residual  gas,  it  is  extinguish^, 
but  before  doing  this,  it  is  necessary  to  pour  in  watcar 
into  the  basin,  to  bring  it  on  a  level  with  that  in  the 
inside,  and  thus,  when  the  stopper  is  removed,  prevent 
the  admission  of  air. 
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When  a  substance  is  deprived  of  its  inflammability, 
this  can  be  easily  restored  by  subjecting  it  to  heat  along 
with  another  inflammable,  but  excluded  from  the  ain 
Thusy  if  the  product  of  the  combustion  of  phosphorus  be 
healed  in  an  earthen  retort  with  powder  of  charcoal,  a 
mbstanoe  ccmes  off  which  is  inflammable ;  in  fact  it  is 
phosjdiQnis,  the  body  with  which  it  had  previously  unit- 
ed daring  its  combustion  having  been  taken  away  by  the 
carboo. 

So  early  as  the  year  1665,  Dr  Hooke  threw  out  the 
eoojectarey  that  there  is  something  in  air  which  has  the 
property  of  dissolving  combustibles,  when  its  temperature 
is  derated,  and  that  the  solution  goes  on  so  rapidly,  as 
to  oecaaion  the  emission  of  heat  and  light,  which  were  by 
Um  considered  merely  motion.  He  even  supposed  that 
this  substance  is  the  same  as  exists  in  nitre  or  saltpetre, 
IB  opinion  which  was  afterwards  for  a  long  time  entirely 
neglaeted.  How  far  he  was  right,  and  how  nearly  he  an- 
ticipated Lavoisier  and  others  in  their  brilliant  discove- 
ries^ will  be  immediately  noticed.  Becchar  afterwards 
prapoaed  an  explanation  of  combustion,  altogether  difi^e-» 
rent  from  that  of  Hooke,  which  was  more  fully  illustrat- 
ed by  his  pupil  Stahl,  so  much  so,  that  it  received  the 
appellation  of  the  Stahlian  doctrine,  and  which  was  soon 
afterwards  espoused  by  almost  all  philosophers,  and  con- 
tinued for  a  long  time  to  sway  their  opinions. 

Stahl  conceived  that  there  was  contained  in  all  in- 
flammables, a  principle  which,  when  extricated,  produc- 
ed the  phenomena  of  heat  and  light.  Becchar,  who  first 
threw  out  the  conjecture,  supposed  that  it  was  matter, 
and  gave  it  the  name  of  inflammable  earth ;  but  Stahl 
considered  it  merely  as  the  cause  of  heat  and  light,  and 
called  it  pUogieton,  and  hence  his  doctrine  has  been 
termed  the  {^logistic  doctrine. 

Phlogiston  was  supposed  to  be  the  same  in  all  bodies. 
By  its  extrication  heat  and  light  were  produced,  and  it 
assumed  its  proper  elastic  form,  the  substance  from  which 
it  was  evolved,  becoming  no  longer  inflammable ;  owing 
to  iu  subtlety  and  tenuity  it  could  not  be  collected,  so 
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that  iu  presence  was  known  only  by  its  effects.  It  flU^fit 
be  made  to  pass  from  one  body  to  another,  and  impiM 
to  it  inflammable  properties.  Other  remarkable  qualitm 
were  also  attributed  to  it,  such  as  its  communicating  d^t^i 
tility  and  malleability  to  metals. 

Stahl^  in  adyancing  the  doctrine  of  phlogiston^  ovM^ 
teoked  a  very  material  point.  It  was  natural  t6  9Vpf 
pose^  that  when  a  body  parted  with  it,  it  should  bedoito 
lighter.  It  was  soon,  however,  discovered  that  the  r^ 
▼cg^se  was  the  case,  the  substance,  after  u'ndergding  cim^ 
busdon,  in  other  words  giving  off  its  phlogiston,  actually 
becoming  heavier.  When  this  was  astertained^  it  mm 
brought  forward  as  an  objection,  and  certainly  a  verjf 
stroog  one,  to  the  hypothesis ;  but  it  was  very  easily  ok 
viaited  by  its  supporters,  by  attributing  to  phlogiston  alit 
other  and  very  remarkable  property,  that  it  was  actualljir 
pcunessed  of  levity,  consequently,  when  added  to  a  body« 
it  made  it  become  lighter,  and  of  course,  when  the  infiaoH 
mable  underwent  combustion,  and  parted  with  its  pUiH 
giston,  it  became  heavier,  being  deprived  of  somethiag 
which  had  communicated  lightness. 
.'Though  it  had  been  shewn  that  atmospheric  air  IumI 
an  influence  over  combustion,  Stahl  completely  dlsi^ 
garded  this  in  advancing  his  opinions ;  but  when  it  wita 
clearly  established,  not  only  that  it  was  necessary,  but: 
that  it  was  actually  changed  in  its  properties,  it  was  iouM 
gined  that  it  drew  the  phlogiston  from  the  inflammaUey 
and  by  uniting  with  it  thus  became  vitiated. 

With  all  these  glaring  deficiencies,  the  doctrine  of 
Stahl,  under  these  modifications,  stood  its  ground  till  tb^ 
diicaveries  of  chemists  with  regard  to  elastic  fluids,  dif* 
ftrent  from  that  of  the  atmosphere,  again  drew  thdr  ati 
tention  more  particularly  to  it.  At  this  time  the  actual 
existence  of  phlogiston  had  not  been  proved ;  at  last  Kir^ 
wan  endeavoured  to  shew  that  it  was  the  light  aenwl 
fluid  hydrogen,  which  he  imagined  entered  into  the  eoHi* 
position  of  every  inflammable^  and  which  during  eom- 
busiion  was  libmUed  and  united  with  the  air. 
•  During  the  time  that  philosophers  were  busily  engag.^ 
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#d  with  these  dispute;  Lavoisier  Was  employed  in  eta« 
niiiiBg  the  pliendmena  of  combustion,  which  lie  wa^  in- 
duced to  do  by  the  numerous  strong  objections  that  had 
been  urged  against  the  phlogistic  doctrine,  tA  6f  the  body 
beMBding  heavier,  atid  the  air  being  vitiated  by  thii)  phv 
eeas  t  but  he  seemft  to  have  had  his  attention  drawn  to 
itie  subject  more  particularly,  by  some  experiments  oik 
the  edcination  of  metals.  These  made  him  at  first  doubt 
the  hypothesis  of  Stahl,  and  at  last,  after  numerous  well- 
coMueted  experiments,  he  boldly  asserted  that  there 
traa  no  tuch  thing  as  phlogiston^  and  that  all  the  pheno- 
toeua  of  combustion  could  be  satisfactorily  accounted  for 
witbout  it.  He  clearly  proved  that  the  presence  of  air, 
sr  of  some  body  that  could  furnish  oxigen^  was  indispen- 
lible,  that  it  was  dimini^ed  in  volume,  and  that  the  in- 
flammable itself  became  heavier,  owing  to  its  union  with 
dw  ongen.  He  even  shewed  that  the  weight  acquired 
by  the  latter,  was  equiil  to  the  loss  sustained  by  the  for- 
mer, and  also  that  the  oxigen  which  thus  united  with  the 
inAaBmAble,  could  again  be  communicated  from  it  tor  an- 
other, or  oould  even  be  obtained  in  its  pure  state ;  and 
when  thus  procured,  it  was  found  to  be  equal  in  weight 
to  that  abstracted  from  the  air.  From  these  and  otbelr 
discoveries,  Lavoisier  maintained  that  combustion  depend- 
ed on  the  union  of  an  inflammable  with  oxigen. 

Id  Attempting  to  account  for  the  evolution  of  heat  and 
lights  Lavoisier  naturally  had  recourse  to  the  important 
discovery  of  Black,  with  respect  to  the  emission  of  heat, 
daring  a  change  cyf  form.  He  conceived  that  the  dxigen 
df  the  air,  in  combining  with  the  inflammable,  gare  forth 
that  large  quantity  of  caloric,  which  was  necessary  to 
keep  it  in  the  elastic  form.  He,  however,  extended  this  a 
little  farther.  He  considered  oxigen  gas  a  compound  of 
the  matter  of  fire,  and  an  unknown  base,  the  latter  of 
which  entered  into  union  with  the  inflammable,  whil6  the 
former,  being  evened,  caused  both  heat  and  light. 

When  the  theory  of  Lavoisier  was  first  inade  klkiwn, 
such  was  the  blind  adherence  to  the  opinions  of  Stdil^ 
that  it  met  the  most  violent  opposition,  and  it  was  ikst 

M  2 


^ 


180  HYDK06PN. 

till  after  a  long  time  that  the  French  chemists  avowed 
themselves  converts  to  it.  At  last  the  doctrine  of  PhliK 
gifiton  was  completely  abandoned,  and  the  more  ration^ 
theory  of  Lavoisier  substituted  in  its  place ;  at  leaatt 
that  combustion  depended  on  the  union  of  an  inflanw 
mable  with  oxigen ;  for  Lavoisier  very  properly 
rated  the  facts,  by  which  he  established  the  truth  of 
doctrine,  from  the  hypothetical  part,  by  which  he  end^m^ 
vQured  to  explain  the  origin  of  the  heat  and  light  *• 

Though  it  is  now  universally  admitted,  that  the  pbe^ 
nomena  of  combustion  are  occasioned  by  the  unuHi  of  ao 
inflammable  with  oxigen,  we  are  as  yet  undecided  «rit)i 
respect  to  the  origin  of  the  heat  and  light,  some  suppoft- 
ing  that  they  proceed  from  the  oxigen,  others  that  Hm 
caloric  comes  from  it,  while  the  light  is  emitted  by  tlia 
combustible. 

It  has  been  already  mentioned,  that  two  opiniooa 
are  entertained  x:onceming  the  state  in  which  caloipc 
exists  in  bodies*  According  to  some,  only  part  affec(9 
th^  tepiperature,  while  the  remainder  is  in-  strict  ohemicd 
union ;  according  to  others,  bodies  having  different  ct|Mii 
cities  for  caloric,  they  cootain  different  quantities ; .  htfl^ 
the  whole  of  it  affects  the  thermometer. 

X4avoi8ier,  and  those  who  adopt  the  former  of  theirs 
opinions,  have  maintained  that  the  oxigen  unites  with  th^ 
inflammable,  and  that  the  combined  caloric,  that  vhjfili 
k/s^t  it  jin  the  aeriform  states  i8:set  free,,becauae  tben^M^ 
U^ /I- g^^<^t^^.|Ltti»ctiq^  between  the  inflammable  and  llw 
ha^f pf .  the  oxigen* .  than  between  the  base  and  the  mln- 
riq,.  ^A  di^erent  view^  of  the  subject  has,  however,,  bwi 
propo^  by  Crawford,  founded  on  the  doctrine  of  cap4« 
oity.Myanced  by  Irvine,  and  which  was  applied  by  hin 
to  accfywt  for  the  geaeration  pf  ^eat  and  cold  .^uring 
db^c^.^ipn.  I  fie  ^f^XMsjpjed  f^r^nUy^^jbe  rfp^qiticj 
of  pxigi^  gf^  .i^f  (he.  ^i^erent  inflammables, .  and  pf  tbfi 

"'('    P<    J.  I'M  ^/M'J"!'     V'J  '  '^""  I!'  '*" '~^- —         1  '"-^ 

/*  rhttii'Vlat  iu  iMliribMftCibi,  it  wHIMoterradliMr  i«iy  detilf  RoMtt 
MyMgffiJIiiiPniiiftr  iyi  hb-jytwl  diiooffry ;  in  fiictf  th«  lAtter  hat  merelj  pwvk 
ed  bj^  .cxpfrimeht,  what  the  foriner  had  only  coojrctand  waa  the  case. 
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products  of  their  uriion,  md  having  foudd  that  those  of 
the  last  were  below  the  mean  of  those'  of  the  others,  he 
eoncluded  that  the  evolution  of  heat  was  caused  by  the 
diminution  of  capacity.  He  even  went  farther.  He  as- 
eortained  that  the  capacity  of  oxigen  gas  was  veiy  hi^, 
while  Aat  of  most  of  the  inflammables  was  low,  that  of 
the  product  being  above  that  of  the  combustible  V  c6nse- 
qoentlj,  he  maintained  that  the  caloric' could  ntiifcbme 
from  ity  but  from  the  oiigen,  owing  to  ttfe^  very 'gi^t' di- 
minution which  it  suff(^rs  by  its  ditering  into  uhioh'.^  ^ 

Thoagh  the  doctrine  of  Crawfiii'd  i^ifhe  o^'^  vfMlIy 
MAftd;  yeVthk  ex^rihieilOs  of  De  la'fiochc  and  Be- 
mtiMt  dhly  very  tnubh  invalidate  itv'b\i<;^'if  cbrMdiJ 
win  csomplettely  overture  it.  The^  assert  (Aft.  'if  ^.^If  .) 
fMt^6  ea^Mteity  of  otigeii' is  ildt  neArly  to^hi^'  'ifs  €^^- 
Ibid  makes  it ;  instead  of  4749,  it  is,  accordirt|^tb'i!lhl6U, 
ady  fM,  water  being  1000.  They  also  stalte,  tKat^ihe 
CifMuity  cxf '  the  product  of  comliustion,  is  in  mimy  in- 
slaiiiies  greater  than  the  mean  of  those  of  its  ingrefii^ts ; 
if  so^  it  is  evidient  that  the  explanation  given  by'Ci'afw- 
fimd  is  incorrect^  but  as  yet  their  experiments  have  not 
ooDfiifmed  by  toy  other  chemist.  There  ate'  many 
however,  in  which  it  appears,  that  the  supposition 
•f  the  caloric  coming  from  the  oxigcn  is  erroneous.  Thus, 
m  the  instance  of  gunpowder,  or  of  any  mixture  of  i»- 
lammable  matter  with  nitre,  which  contains  a  large 
qoaati^  of  oxigen,  this  substance  has  laid  aside  its  aeri^ 
tern  atate,  and  ought  not  therefore  to  contain  so  much 
caloric  as  when  gaseous.  Besides,  instead  of  there  being 
a  change  from  gas  to  fluid  or  solid,  which  the  explana- 
lioa  of  Crawford  presumes,  there  is  a  generation  of  a 
large  quantity  of  aeriform  matter,  which  is  the  cause  of 
the  ezploaiany  so  that,  instead  of  the  evolution  of  heat, 
shmild  expect  the  production  of  cold.  Though  these 
appear  strong  in  opposition  to  the  theory  of  Craw- 
ford, yet  there  is  one  method  of  getting  quit  of  the  ob- 
jecdoD,  particularly  in  those  in  which  there  is  actually  a 
change  from  solid  to  gas.  It  has  been  already  mention- 
ed, (p.  86.)  that  when  air  is  suddenly  compressed^  heat 
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IS  evolved.  Now,  when  gunpowder  is  exploded,  by 
wbicb  there  is  a  formation  of  gaseous  matter^  the  i^ 
around  must  be  suddenly  condensed,  and  thus  may 
evolve  heat  The  same  may  be  extended  to  other  caa^ 
pf  combustion  ;  for  it  is  well  known,  that  in  blast  fur^ 
Bacesy  in  which  the  heat  is  very  intense,  a  great  deal  da» 
pendfi  on  the  free  admission  of  air,  part  of  which  ia  tQ 
keep  up  the  combustion,  part,  by  its  expansion  and  ooiit 
sequent  compression  of  that  around  it,  to  cause  the  eviH 
lulion  of  caloric,  (Ed.  Ph.  Tr.  18«5.) 

The  emission  of  light  is  still  to  be  accounted  for.     It 
has  been  already  mentioned,   that  Lavoisier  imagiMil 
that  the  light  was  extricated  by  the  oxigen,  which  1m 
^pfxised  to  he  n  compound  of  the  unknown  base  and  tb* 
matter  of  fire ;   accordingly,  during  combustion  the  iiN 
flammable  and  the  base  united,  while  the  heat  and  light 
were  evolved.     There  are  many  circumstances,  howevefy 
which  seem  to  prove,  not  only  that  the  light  doeis  HQi 
come  from  the  oxigen,  but  that  it  proceeds  from  tba  in* 
flammable.     Thus,  a  product  of  combustion  will  afh0i 
its  oxigen  to  another  body,  and,  at  the  same  time,  IhfeM 
i«  an  evolution  of  light.     Had  the  oxigen  ever  oontaJMA 
it,  it  ought  to  have  parted  with  it  when  it  entered  ill!to 
ynimi  with  the  first  combustible ;  so  that,  in  these  caaciji 
the  light  could  not  proceed  from  the  oxigen.     It  may  Im 
argued  here,  however,  that  if  this  substance  can  enter. 
into  union,  and  retain  its  caloric,  why  may  it  not  ala9  rth\ 
tain  its  light,  supposing  it  to  have  been  in  combinaitieft 
with  both  ?    Allowing  that  this  is  the  case,  which  haft 
not,  however,  been  proved  by  experiment,  there  are  iiH^ 
stances  in  which  certain  inflammables  can  combine  witk 
each  other  ;  and  though  the  access  of  air  is  excluded,  jflli 
light  is  evolved,  from  which  it  would  appear  that  it  ptOr^ 
ceeds  from  the  inflammable ;  at  least,  the  facts  are  at  v#nr 
riance  with  the  supposition,  that  it  is  evolved  by  the  oii- 
gen- 
Such  ase  the  opinions  advanced  with  respect  to  tlie 
origin  of  heat  and  light  during  combustion,  taking  it  foTi 
granted  that  they  arc  agents  altogether  difffreot.     ^, 
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h»wmyery  it  be  supposed  dial  they  are  one  and  tlie  lamei 
their  «voliiuon  must  be  accounted  for,  by  suppottng, 
tiiat  daring  the  chemical  action,  the  tubstancesy  owing  to 
che-po«rer  of  retaining  them  being  dimipifihed^  set  a  |ior<^ 
tioa  free,  and  that,  by  some  means,  pari  aAsuaiea  the  ap^ 
pearpnee  of  the  other* 

.TIm-  preceding  remarks  apply  to  combustion  in  itiC 
gMSt  liniited  aoceptation,-^hat  it  is  the  emission  of  hi»t 
aad  light  during  the  union  of  an  inflammable  with  oxi* 
gen.  It  is  noiw,  however,  almost  universally  admittedf 
that  it  BBuiy  be  occasioned  by  the  eombinalion  of  in^qm-* 
Bsahlfli  widi  other  bodies,  as  with  chlorine  and  iodine,* 
bodi  of  which,  when  acted  on  by  others,  cause  Hxe  apt 
fmnmot  ot  heal  and  light.  If  this  opinion  be  oorrect, 
die  tqnift  apeculatioos,  with  respect .  to  the  sources  of 
these  agents,  will  apply  to  it  as  to  common  cases  of  com^ 
bastian. 

Though  some  have  thus  wished  to  consider  combus- 
Am  m  the  union  of  an  inflammable  with  what  is  called 
mmfpofHtr^  there  are  many  who  take  a  much  more  eorf 
iaigvid  virw  of  the  subject,  and  it  is  peihapa  the  most 
They  suppose  it  to  be  the  evolution  of  heal 

U^^t,  during  any  case  of  chemical  action.     TluiSy. 

filiBgs  and  sulphur,  both  of  which  are  oommoBly. 
inflammables,  emit  them  during  their  nnioa^ 

though  the  experiment  is  performed  in  vacuo ;  and 
the  same  is  the  case  with  many  other  bodies.  In  accounts 
i^gifsr  the  evolution  in  these  cases,  we  must  have  te« 
couie  to  the  same  q>eculations  as  beCdre,  that  they  ave 
ceotained  in  the  bodies,  and  that  they  are  disengaged 
psobskbly  by  a  change  of  form,  and  consequant  change  ef 
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HrnaoG^N,  in  a  pure  state,  exists  at  a  natural  temper 
ratttie  in  the  gjptfeous  form.  It  was  early  discovered  hy 
4'hfPiitai>  May<^u,  fioyie,  and  Hales,  described  a  few.  of 
its  properties  $  but  me  are  indebted  to  Mr.  Cavendish  ftir 
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the  first  full  account  of  it.  He  gave  it  the  name  of  in 
JUimmable  airy  which  was  afterwards  changed  by  the 
French  nomenclators  to  hydrogen^  derived  from  db(^ 
waUr^  and  ywun^  because  it  enters  into  the  composition 
of  that  substance. 

When  pure,  it  is  a  transparent  and  colourless  gas ; 
hence  it  is  invisible.  It  is  destitute  of  taste  and  wnell, 
but,  as  generally  prepared,  it  has  a  disagreeable  oAxmr^ 
owing  to  impurities  derived  from  the  substances  frem 
which  it  is  procured,  according  to  some,  from  the  pce- 
scnce  of  volatile  air,  according  to  others,  from  the  tmioa 
of  the  hydrogen  with  sulphur,  phosphorus,  or  carbon. 
That  pure  hydrogen  is  inodorous,  is  shewn  by  passing: 
it  through  alcohol,  charcoal,  nitric  acid,  or  lime  watar^ 
by  which  the  impurities  are  absorbed,  and  it  is  -deprived. 
ot  its  smell. 

Its  atomic  weight  is  1.S5,  compared  to  oxigen  as  10.   . 

It  is  the  lightest  gaseous  substance,  consequently  the 
lightest  body  with  which  we  are  acquainted.     Its  specific. 
gravity  has,  however,  been  differently  stated,  probaUy 
owing  to  its  various  degrees  of  purity.     Accordiilg^  to 
Biot  and  Arrago,  it  is  7S2,  and  according  to  Berafefius. 
688,  air  being  10,000,  while  Thomson  in  his  late  Wperi- 
ments  makes  it  694,  or  exactly  16  times  lighter  than 
oxigen  gas,  the  specific  gravity  of  which  basbeell'aL-. 
ready  stated  to  be  1 11 1,  to  air  as  1000 :  100  cubic  inches . 
will  therefore  weigh  2.11  gr. 

The  only  change  effected  on  it  by  an  addition  of 'ca- 
loric, is  an  alteration  of  volume.  By  the  abstraction  of 
it,  it  cannot  be  made  to  lay  aside  the  gaseous  fonnj'it  is  • 
therefore  considered  a  compound  of  the  unknown  base, 
hydrogen  and  caloric.  It  is  not  affected  by  light  nor  by 
electricity. 

It  is  incapable  of  supporting  combustion  ;  a  lighted 
taper  put  into  it  being  instantly  extinguished.     If,  for 
instance,  a  candle  be  thrust  into  a  jar  of  the  gas,   with 
its  mouth  kept  down,  it  is  instantly  extinguished,  pro* : 
vidcd  it  is  thrust  a  little  way  up  into  the  jar,  so  as  to  get  • 
it  beyond  the  influence  of  the  air.     It  is  also  nnfit  for: 


respiraiion,  as  animals  immersed,  in  it  speedily  die.  It 
does  not,  howfever,  appear  to  be  directly  noxiou^  to  ani^ 
Val  life,  as  it  has  been  breathed  for  a  considerable  time 
viih  impunity,  so  that  it  seems  unfit  for  ^  respiration 
merely  by  excluding  oxigen.  Those  who  have  bre^hield 
it(  have,  in  variably  found,  that  if  the  lungs  be  as  nearly 
is  poflsible  exhausted  of  air,  the  respiration  may  be  con- 
timied  much  longer  than  when  it  is  re9eived  into  mem 
afttr  a|i  ordinary  respiration.  It  has  hd&f  ooservea 
alio  to  change  the  tone  of  the  voice^  after  being  l^rauti- 
fid.  lor  A  short  time. 


i    jj^ 


...  The  most  remarkable  property  of  hydrogen  ^s  lis  Jn- 
lammability ;  when  heated  in  contact  with  air,  it  bipps 
.with  a  reddish  flame,  the  rapidity  of  the  oon^iistion  de* 
peoding  on  the  method  of  holding  the  jar.     If  a  lar'of 
it  be  kept  with  the  mouth  down,  and  heat  appnedi  'the 
cambustion  is  slow^  because,  owing  to  its  lightness,  it  is 
rCmfiiiedy  and  thus  comes  slowly  into  contact  witn  thaair ; 
.  bat  if  the  mouth  be  held  up,  the  combiisUoix  is  r^ipid, 
bccausfe,  rising  from  the  jar,  it  mixes  with  the  atmospltere, 
aad  there  is  a  sufficient  supply  of  air  to  consume  it; 
.  Though  bydrpgen  is  so  easily  inflamed,  and  burhs  197th 
^npidity^  yet  we  may  set  fire  to  a  cpjlection  of  }t  with  jier- 
.  .  bet  sa^(ely,.  provided  we  allow  it  to  escape  in  a  small 
:  staeiua.  .  For  this  purpose,  having  filled  a  gasometer  with 
,Jitr.oKfi  opeoivg  thia.  stop-cock,  and  forcing  out  the  gas,  a 
flame  may  be  applied.     Or  if,  into  a  small  phial,  tVjere  is 
.  put  4b.mixture,whi^h, will  furnish  hydrogen,  and  .a  cock 
•  .with,  a,  .fine,  tube  passing  through  it  be  put  into   the 
mouth,  the  gas  will  flow  out,  and  may  be  kindled,  and 
.  aa  thsi  supply  is  kept  up,  there  is  a  sufficient  pressure  to 
,  t  cause, it  to, escape,  and  undergo  combustion. 

During  the  combustion  of  hydrogen  in  this  way,  if  a 
glass  tube .  be  Jield  over  the  flaipe,  a  sound  is  emitted, 
r.the  loudness  and  nature  of  which  depends  on  the  size  of 
the  tube.    For  this  purpose,   having  kindled  the  ga;s,  a 
.  tube  of  about  2  feet  in  length,  and  about  an  inch  in  di- 
ameter, is  bel4.over  the  flame,  but  so  as  not  to  cover  it 
'  co«Bplci9}y- .  On  raising  or ,  depressing  it,  the  sound  will 
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vary,  but  the  tube  must  not  be  brought  too  far  dowii> 
otherwise  the  gas  is  extinguished. 

When  hydrogen  is  mixed  with  air  and  heated,  it  en* 
plodes,  but  the  explosion  is  by  no  means  violent.  Thii 
experiment  is  most  easily  performed  by  using  a  strong 
glass  phial  with  a  wide  mouth,  and  having  a  double  ook 
fitted  to  it,  the  one  put  into  the  mouth  being  perforated} 
and  having  a  smaller  one  in  it.  Into  this,  inverted  od^ 
tnougfa,  is  introduced  1  of  hydrogen,  and  S|  of  air,  «Ad» 
after  removing  the  smaller  cork,  on  the  application  of 
heat,  (which  may  be  done  by  applying  a  candle,  oir  tiM 
flame  of  a  piece  of  paper,)  the  mixture  is  exploded. 

Hydrogen  bums  with  much  more  splendour  in  oxigda 
gas ;  and  to  shew  that  this  is  the  case,  having  filled  A 
jar>  open  above  and  below,  with  oxigen,  and  placed  if 
on  a  plate  of  water,  set  fire  to  a  jet  of  the  gas  issuing 
firom  the  pipe  of  a  gas  holder,  and  then  plunge  it  into 
the  upper  aperture,  having  the  tube  passed  through  m 
pock  that  fits  it.  The  moment  that  it  is  introduced^  tkt 
(Uune  will  be  observed  to  be  more  brilliant,  and  at  tbm 
same  time,  the  water  will  rise  in  the  jar,  proving  thai 
the  oxigen  is  consumed. 

That  the  infiammation  of  hydrogen  is  owing  to  its  uiiil* 
ing  with  oxigen,  may  be  shewn  also  in  another  wbj* 
Having  filled  a  jar,  the  same  as  that  used  in  the  formev 
experiment  with  hydrogen,  allow  a  stream  of  oxigen  gaa 
to  escape  from  a  gas  holder  through  a  tube,  paMadi 
through  a  cock  that  fits  the  upper  aperture.  Set  fire  tQ 
the  hydrogen,  and  instantly  insert  the  tube  from  whieh 
the. oxigen  is  issuing,  and  the  gas,  which  at  first  burned 
with  a  large  fiame,  owing  to  its  being  in  contact  with  air^ 
now  burns  a&  if  a  stream  of  flame  were  issuing  from  the 
tube.  This  experiment  must  be  conducted  with  great 
caution,  because,  if  the  oxigen  be  allowed  to  escape  too 
quickly,  the  mixture  will  explode. 

Jf,  instead  of  setting  fire  to  the  hydrogen,  in  oxigen, 
they  be  mixed,  and  heated,  they  explode  with  great  vio^ 
lenoe.  The  proper  proportions  are,  two  volumes  of  the- 
Jomer  to  one  of  the  latter.   This  jnay  be  done  in  th^  ex^ 
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pkxUng  IkH(1#  «keiidy  d^^fu-Jbed,  but  here  it  U  nccetavy  tp 
wmp  »  towel  firpMOd  it  to  preveat  accidents,  in  the  eveo^ 
0f  iUburaling-     If  other  proportions  be  used,   there  i;i 
one  of  the  gases  left  uncombined,   so  that  they  wilHiat 
ia  4bia  way  uKite   in  any  other  proportions  than  those 
liMf4-     If  they  be  used  with  a  large  proportion  of  oi^ 
ti  tht  S«9^  th^y  do  not  explode ;  on  the  contrary^  ther^ 
]»  Ajlow  cogaboAtion.     Thus,  if  9  of  hydrogeq,  to  1  of 
osiigeii*   or  tbe  reverse  proportions,  be  employed^   the 
wra  gn^  09  slowly.     Hydrogen  and  oxigen  may  alsp 
hp  mvid^  l9  explode  by  ele(?tricity.     Different  forms  ojf 
•ppf^rttv/l  mco  ^piployed.     That  now  in  common  i^se  is  a 
^9tB  tub^y  witb  wires  passing  through  the   sides  of  it^ 
mi  t^ni»imti9g  in  the  interior  at  about  the  distance  of 
die  1-lQth  p^  of  an  inch  from  each  other.     Being  filled 
villi  water  pr  mercury,   and  inverted  on  a  trough,  the 
■lixtur^  of  tji^  gases  is  introduced,  and  by  connecting 
Ibf  wire^  witb  9f  Leyden  jar  charged,  (see  Electricity^ 
^  diectjrtfUty  may  be  transmitted  through  the  mixture^ 
which  is  iustantly  exploded.     The  jar  in  this  experiment 
shmld.  not  be  c^ve  l-4th  full,  to  allow  for  the  expan- 
OCMsipn^  duHng  the  explosion.     For  common  purr 
the  gtM^  ¥Q«y  be  exploded  in  a  bladder,  using  the 
id^iiatiiirot  dcfM^ib^  under  the  article  Electricity. 

Iq  tU  of  tbope  instances  in  which  hydrogen  is  bumec), 
Mthet  in  ^  or  io  oxigen,  the  hydrogen  and  oxigev 
inilur  aad  ]vf  naidQ  their  gasepus  form,  generating  a  new 
«»pouiid»  which  i^  water. 


Wateh. 

Water  was  by  the  ancients  considered  one  of  the  ele^ 
jBic^U*  Though^  from  some  experiments  performed  a.- 
bout  tke  year  1T70,  it  was  conjectured  to  be  a  compound^ 
iitsiiature  was  not  known  till  1781.  This  discovery  was 
parde  about  the  same  time  by  Mr  Cavendish  and  Mr 
Watt,  but  we  may  consider  the  former  as  the  discoverer 
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of  its  composition^  for  though  the  latter  had  formed  a  just 
opinion  with  respect  to  its  nature,  yet  from  some  expm- 
ments  of  another  chemist,  he  was  inclined  ta  doubts  the 
accuracy  of  his  conclusion. 

Mr  Cavendish  set  fire  to  500,000  grains  measure  of 
hydrogen,  mixed  with  rather  more  than  twice  i^ir»bulk 
of  atmospheric  air,  the  flame  being  made  to  pasa  thfough 
a  glass  cylinder,  that  the  product  might  be  collecMl. 
It  was  1S5  grains  by  weight,  of  a  transparent  oolourkia 
fluid,  destitute  of  taste  and  smell,  and  whicbiiwhen«ev»> 
porated,  left  no  residuum.  In  another  experiiMiil» 
19j500  measures  of  oxigenrwere  exploded  with  87^000 
of  hydrogen,  by  which  30  grains  of  a  similar  fluid  weie 
obtained,  but  in  this  last  instance  there  were  slight  traoci 
of  nitric  acid.  In -the  same  year,  Lavoisier,  who*  hid 
been  informed  of  the  discoveries  of  Cavendish,  perfora- 
ed  similar  experiments,  and  obtained  similar  results.  In 
one,  a  very  large  quantity  of  the  gases  was  consumed,  ibt 
combustion  being  kept  up  for  several  days,  and  the  pn0i> 
duct  was  also  water.  • 

In  all  these  trials,  it  was  found,  when  the  gases  were 
pure,  and  every  source  of  fallacy  avoided,  that  the 
weight  of  the  fluid  obtained,  equalled  exactly  that  ot 
the  substances  consumed.  In  those  instances  in  whidi 
nitric  acid  was  detected  in  the  product,  its  presence  wai 
easily  accounted  for  by  the  union  of  the  ingredients  of 
the  atmosphere,  occasioned  by  the  combustion,  and  when 
oxigen  was  used,  its  formation  was  explained  in  the  sane 
way,  the  oxigen  obtained  by  the  common  process  always 
containing  a  little  nitrogen. 

That  hydrogen,  by  its  combustion,  forms  water,  is 
easily  shewn.  We  have  merely  to  set  fire  to  a  stream  of 
gas,  coming  by  a  pipe  from  a  gas  holder,  and  allow  it  to 
bum  in  a  globular,  with  a  very  small  flame ;  the  glass 
will  soon  become  dim,  from  the  deposition  of  moisture,  and 
if  the  combustion  be  carried  on  sufficiently  long,  globules 
of  a  transparent  colourless  fluid  trickle  down  the  sides.' 
In  this  instance,  the  hydrogen  Unites  with  the  oxigoi 
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of  the  atmosphere,    water  being  the  product  of  the 
action. 

-To  render  the  proofs  of  the  composition  of  this  fluid 
stfll  more  satisfactory,  it  can  be  shewn  that  it  contains 
OKigen  and  hydrogen.     This  can  be  done  by  electricity, 
or  by  exposing  it  to  the  action  of  a  substance  which  wiU 
attnet  one  of  its  ingredients,   and  set  the  other  free. 
That  -  generally  employed  for  this  purpose,  is  iron.     It 
was  nt  first  obsenred  by  Bergman,  that  when  iron  filings 
are  esposed  to  water,  they  acquire  oxigen,  and  hydrogen 
is  Operated.    Lavoisier  afterwards  varied  the  experiment, 
by  siA>jecting  the  fluid  to  the  action  of  the  metal  at  a 
nd  lieiit,  and  for  this  purpose,   the  apparatus  required 
is  Tery  simple.     If  water  be  allowed  to  fall,  drop  by 
dmpf  into  a  red  hot  iron  tube,  or  if  it  be  passed  in  the 
sMe  of  Bteam  through  it,  it  is  instantly  decomposed,  and 
vssolved  into  its  component  parts.     This  is  most  easily 
done,  by  having  an  earthen  tube,    stuffed  with  shav- 
lags  of  iron,    to  one  end  of  which  a  retort  is  fixed, 
the    other    terminating  in  a  water  trough,    the    tube 
being  passed  through  a  chauffer,    (see  Cni,  p.  188.) 
On  applying  heat  to  the  retort,  the  water,   being  con- 
verted to  vapour,  passes  through  the  tube,  and  is  de- 
eonposed,  sjid  an  elastic  fluid  is  given  off,   and  may  be 
ooUected  in  jars.      That  it  is  hydrogen,  is  shewn  by 
its  inflammability.     If,  after  the  experiment  is  finish- 
ed,  the  iron  be  removed  from  the  tube  and  weighed,  it 
will '  be  found  heavier  than  before.     That  the  additional 
weight  is  owing  to  the  acquisition  of  oxigen,  can  be 
easily  shewn  by  heating  it  with  other  bodies,   as  with 
diarconl,  by^  which  a  substance  is  given  off,   that   is 
known  to  contain  oxigen.     In  this  experiment,  then,  La- 
vmsier  c^Andlilded,  thitt  the^  ^tatdr  was  decomposed,   that 
ica-oaigea  utiited  with  theimn^  and  that  its  other  in- 
gredient, hydrogen,  was- set  A-ee.*     It  is  now  well  known 
that  water-is  A  tompound  of  one  volnhie  of  oxigen,  and 
two  of  liydfogen,  and  it'kas  lyeen  already-mentioned, 
that  their  spfeeiflc  gtBvitiecr-ate'  '^  16  to  1,  if  so,  they 
must  unite  by  weight,  8  to  1.      Again,   the  atom  of 
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ixxigen  being  10»  that  of  hjdrogen  is  1.9S|  and  as  i^ater 
is  a  compound  of  an  atom  of  each,  the  proportions  of  its 
iDgredieots  are  I  to  .1^5,  that  is^  8  to  1.  In  a  100 
^perCf,  then,  they  are  88.89  oxigen,  to  11.11  hydrogeni  - 
.  Water  is  a  very  important  agent,  not  so  much  from  the 
Attraction  which  it  exerts  for  othet  substances,  bm  fnom 
its  communicating  to  them  that  fluidity  so  necessary  ftir 
their  successful  operation  ;  and  so  little  does  it  alter  tfaeilr 
affinities,  that  in  most  cases  its  action  is  entirely  ovtn* 
looked.  When  pure,  it  is  destitute  of  taste,  smdU  ami 
colour.  Its  specific  gravity,  and  capacity  for  caloric^  M 
haa  been  already  stated,  are  called  1000^  beidg  used  mi 
the  standard  of  comparison.  By  the  addition  or  abstraet 
tion  of  heat,  it  does  not  suiFer  any  change,  except  in  forna^ 
freezing  at  8^  and,  under  the  usual  presaurt,  bolliof  ail 
£15S.««-iS€«  Fluidity  and  Evaporation.  During  congtftfii 
tion  it  often  assumes  a  crystalline  form.  According  W 
Dr  Clarke,  the  crystal  is  rhomboidal ;  but  accordiiqf 
Hauy  and  Delisle,  it  is  octohedral.  If  the  watffl*  be 
pure,  such  as  when  it  holds  a  salt  in  solution,  the 
point  is  higher,  the  degree  depending  on  the  salt^  and 
the  quantity  dissolved ;  and  in  these  cases,  the  tempevni 
ture  of  the  vapour  is  the  same  as  that  of  the  fluid  fronr 
which  it  is  formed.  Hence  a  method  of  increasing  tha 
heat  to  be  given  to  a  body,  by  a  water  bath,  or  by  stealn^ 
by  dissolving  a  salt,  as  sea  salt,  nitre,  or  potash,  in  tht" 
water. 

The  action  between  water  and  atmospheric  air  is  very^ 
important,  as  under  it  is  included  the  consideration  o£ 
what  is  called  aponUmeoita evaporation^  and  the  formation, 
of  rain,  hail,  snow,  dew,  and  hoar  frost. 

We  may  here  make  the  general  remark,  that  water  ta. 
capable  of  absorbing  all  aeriform  fluids ;  but  the  quan-^' 
tity  varies  in  diflerent  cases,  and  even  in  the  same  case: 
under  different  circumstances. 

All  water  which  has  been  exposed  to  air  contains  it^: 
but  the  quantity  is  very  small ;  100  inches  containing; 
only  between  one  and  two.  Water  may,  in  a  great  mea«. 
sure,  be  freed  of  its  air  by  boiling,  by  keeping  it  under: 
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«i  exhausted  reeetver^  and  also  by  freezing ; .  tmt  the 
vhole  of  it  is  not  by  these  means  ettracted. 

Water  absorbs .  oxigen  gas.  According  to  Dr  Htary, 
100  inches  take  up;  8.5,  and  of  hydrogen  they  absorb 
saly  1.5.  The  circumstances  which  cause  a  differenee  in 
the  quantity  of  gas  absorbed,  are  temperature  and  pre^ 
sure,  the  lower  the  former^  the  greater  is  the  quantify 
taken  up^  till  the  fluid  arriyes  at  its  congealing  poiat, 
when  the  gas  which  it  had  imbibed  is  extricated^  The 
fjtester  the  pressure,  also,  the  larger  is  the  quantity  ab- 
soihedy  and  of  course  the  less  the  pressure,  the  less  the 
qnantity  ;  henoe  it  is,  that  by  the  diminution  of  pressuni^ 
that  with  which  the  water  had  previously  combined  Is 
erolTed.  It  is  asserted  by  Henry,  with  respect  to  the 
gMes  that  are  taken  up  sparingly  by  water,  that  it 
absorbsy  of  a  gas  condensed  by  an  additional  pressure, 
twice  aa  much  as  it  usually  does ;  when  condensed  by 
t«D  additional  atmospheres,  thrice  as  much  is  absorb- 
tdf  and  ao  on,  the  quantity  being  in  proportion  to  the 
presnm»  It  has  also  been  remarked  by  Henry  and 
Dalttm^  that  if  water  be  agitated  with  a  mixture  of 
two  gases,  it  does  not  take  up  the  one  of  which  it  osa 
absorb  most,  but  both,  the  proportion  being  in  the 
lado  of  what  it  will  absorb  of  each*  They  have  also  ob«> 
served^  that  if  it  has  previously  taken  up  one  gas,  and  be 
riiaken  along  with  another,  a  portion  of  the  latter  is  ab^ 
sorbcd,  and  of  the  other  extricated. 

The  preeeding  remarks  apply  chiefly  to  the  action  of 
water  with  gases  in  general.  We  have  now  to  make  a 
isw  remarks  on  ita  action  with  atmospheric  air.  Almost 
all  fluids,  when  exposed  to  the  air,  diminish  in  weight, 
and  if  for  some  time,  they  disappear ;  they  are  therefcors 
said  to  disappear  spontaneously,  and  the  process  is  called 
9p(mianeous  evaporation^  to  distinguish  it  from  that  pro« 
daced  by  the  agency  of  heat.  Fluids  disappear  with 
diffemit  degrees  of  celerity.  Water  is  evaporated  slowly^ 
^lit  of  wine  quiekly,  and  the  volatile  fluid  ether,  still 
more  so.  The  lower  the  boiling  point  of  the  body,  in  ge^ 
neral  it  evaporates  more  speedily^   By  increasing  the  sUr- 
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Uufy  a^ao,  ^tit),f^evif(>9ra^ion  is  accelerated ;  .b^pce,  vhen  wc 
wish  to  Cftu^ia  ^p}^  fp  disappear  s(wik  it  ,ia.pu(  ittto* 
ifi^QW  y^sa^l.,  A.cettain  qu^juitjr  f|f  a  sijlq^ce,,  cqn 
vf^approte  io  a^giv«n  bul)L  of  air,;  aiid  thc^ut^.j^it 
fffeyiously^  cootuns,  .the,  quicker,  ,|s  the  fl|vap9n)^^ 
^i)^  it  hap  ^keoupu.ntuci)  ,aaiit  cap  qontain,  i^U 
then  taid  to  be  saturated.  By  chaaeii^;.  the  airj.  -llffifi^ 
J^tff^i  e^fposed,  to  the  surface  of  the  ^lud^  the,  evapifni^iaa 
i^^Q^fa^  j  hence  the  effect  of  wind  to  quickestfiK  CK^ 

ln^lap^,,!?  drying  a  moist  body.    Bj  elev»fi^,ri(|B 

OD^^tyrf^of  theair,,it  con  retain  more  of  ^..fl^t 

Jlim^fi,?°*=I^„?'f **°'P*''''*^  ■■■•t  ■  '■!■'■  (>  *  >n  « 
.iv^^^rff*#(Sil  t^"S  lpad8d,wlth  jnwietuxe^  .}}bs  i(f(,fj^ 

mnowde^rofinis,,  in, which  the  air  is  hiaded  with  yrtt/ffj 
JAVpy^Tfiff^j^^  o^.chiefiy  by  r£Bpiration,.the  win^^,|ff4 
walls,  wMcn  are  colder  than  it,  ore  always  Qiojot,  ,^d)it 
is  ill  this  way  tlmt  we  can  account  for  the  {armtt^of^  ot 
raiQ^  liail,  snow,  dew,  and  hoar  frost.  When,  Ifj  ^fff 
meuis,  tiie  atpospbcrc  of  the  higher  regions  has  iU;t|m> 
pei;ature  diminifJied,  it  loses  in  part  the  power  of  h<)14J:qg 
the  Y'lt^''}'  vajmur  in  solution,  which  is  therefore  set|^V|^ 
t£  the  change  be  not  great,  rain  may  be  tl^e  conseq^ffce ; 
but  if  the  reduction  of  temperature  be  considerablf^jfmy 
or  hail  iiV>7  f^U-  Wb»  the  temperature  of  th^«f7iip> 
^^ere  u  more  gradually  reduced,  dew  or  iioar  frqs^  fmgr 
be  jp^uced.  The  deposition  of  dew  is  easily  shewn,  ,f|y 
exposing  a  bottle  with  cold  water  in  a  room ;  its  .siijj^ 
verj  BooD  becpme  moist.  If  the  bottle  be  filled  wi^^ 
mixtgre'  of  ice  and  salt,  the  moisture  in  the  atmpapb^ 
is  4eppdted  on  it,  but  it  then  assumes  the  form  of  boar 
teaet,  beipg  frozen  by  the  cold  of  the  mixture.  In  tlw 
same  way,  when  the  air  immediately  Ja  contact  with  the 
ground,  or  with  trees,  or  other  objects,  is  by  any  meam 
cooled,  it  deposits  either  dew  or  hoar  frost,  according 
to  the  temperature,  (Seepage  VI.) 
It  was  at  one  time  imagined,  that  when  a  fluid  evapo- 
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mtes  spontaneously,  it  does  not  absorb  caloric,  as  when 
evaporated  by  boiling, — an  opinion  now  abandoned.  It 
1b  well  known,  that  during  spontaneous  evaporation,  cold 
li'generatiBd;  there  must  therefore  be  an  absorption  of 
tridite'  It  is,  however,  unnecessary  to  resume  this  sub- 
jeet  It  hai  been  already  discussed  under  Evaporation, 
aiid  SodTces  of  Cold. 

'  Owiag  to  the  evaporation  (Constantly  going  on,  from 
the  satface  of  the  water  that  surrounds  this  globe,  the 
atmoiphelre  always  contains  moisture ;  and  as  the  quan- 
tity visriea  according  to  circumstances,  it  is  evident  that 
the  sjMAdfic  gravity  of  the  air  must  vary.  When  the  air 
is  mixed  with  watery  vapour,  it  is  enlarged  ;  and  as  the 
T^kMir,  bulk  ^  bulk,  is  of  less  weight  than  air,  it  is  evi- 
dent that  the  specific  gravity  of  moist  air  is  less  than  that 
flf  dry  air,  and  the  same  is  the  case  with  all  other  gases 
irhich  are  heavier  than  vapour.  On  the  contrary,  those 
which  are  specifically  lighter,  must,  by  admixture  with 
it,  become  of  greater  specific  gravity. 

As  the  bulk,  and  consequent  specific  gravity,  of  gases 
itn  changed  by  containing  moisture,  it  is  necessary  to  at- 
tend to  this  circumstance  when  experimenting  on  them. 
Thf^j  mast  either  be  rendered  dry,  or  allowance  must  be 
made,  according  to  the  quantity  of  vapour  they  contain. 

The  gases  are  easily  rendered  dry,  provided  they  are 
collected  over  mercury.  For  this  purpose,  we  have  mere- 
ly tb  introduce  into  the  jar,  a  substance  which  has  an  af- 
finity for  water,  and  which  will  not  act  chemically  with 
tile  gasj  as  well-dried  lime,  carbonate  of  potass,  or  muri- 
ate of  lime,  and  leave  it  there  for  some  hours.  If  the 
gas'  caitnot  be  dried,  it  may  be  reduced  to  its  proper  bulk 
by  calculation.  If  it  has  been  prepared  over  water,  it 
must  be  saturated  with  moisture,  and  as  the  same  bulk  of 
oB  gases  contains^  when  at  similar  temperatures^  the  same 
qisantUy  ofvapour^  we  can  easily,  from  the  tables  of  the 
dastic  fctore  of  vapours  at  different  temperatures,  find 
how  much  is  contained  in  the  gas,  and  consequently  the 
expansion  it  has  suffered.  The  most  accurate  table  of 
the  force  of  aqueous  vapour,  at  different  temperatures, 
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i»  that  giTen  by  Mr  Dalton,  (see  Appendix.)  Suppose, 
lhcu«  we  have  100  volumes  of  air  at  60,  saturated  with 
luuisture,  the  elastic  force  of  the  vapour  in  it,  is,  accord- 
ing to  the  table,  .524  of  an  inch ;  then  to  reduce  the  moiat 
air  to  the  volume  it  would  occupy  when  dry,  multi|ify 
the  volume  of  the  moist  air  by  the  height  of  the  barome- 
ter,  (suppose  30,)  minus  the  elastic  force  of  the  vapour, 
and  divide  by  the  height  of  the  barometer. 

100  X  (30  —  .524)  =  ^^  =  98.26 

So  that  100  of  moist  air  at  60,  would  be,  when  dij» 
98.25. 

As  the  air  of  the  atmosphere  is  constantly  loaded  with 
moisture,  it  is  of  the  utmost  importance  to  be  able  to  aa- 
certain  how  much  it  contains.  This  subject  is  called  Hjf^ 
grometry^  and  the  instruments  by  which  the  quantity  of 
moisture  is  ascertained,  are  termed  HygromeUrM.  Our 
feelings  are  very  imperfect  indicators  of  the  state  of  Aa 
atmosphere  with  regard  to  dryness ;  we  have  therefore 
recourse  to  other  means. 

\aL  To  find  the  quantity  of  moisture  which  a 
bulk  of  the  air  will  take  up ;  and  having  found  this, 
have  merely  to  subtract  it  from  what  we  know  the  air 
will  contain  when  saturated,  at  the  temperature  at  whicA 
the  experiment  is  performed.  One  of  the  means  of  doing 
this,  is  by  Mr  Leslie^s  Atmometer,  («r^M(,  moisture.) 

It  consists  of  a  glass  tube,  to  which  a  hollow  porous 
Darthen-ware  ball  is  fixed,  there  being  divisions  on  the 
fiirnu'r,  corresponding  with  the  surface  of  the  latter.  Tha 
liall  and  tube  being  filled  with  water,  by  exposing  it  to  • 
iwlaiii  bulk  of  air,  the  fluid  will  evaporate,  and  of 
iHiiirM«  full  in  the  tube,  so  that  the  quantity  lost  is  known ; 
%\\\\  \^y  subtracting  this  from  what  the  air  would  hold 
^luMi  Milurated,  that  previously  in  it  is  found  out. 

fiM.  The  cold  produced  by  evaporation,  is  another  me- 
ihiwl  of  finding  the  quantity  of  moisture;  and  for  a 
n\«^ns  c»f  doing  this,  we  are  indebted  also  to  Mr  Leslie. 
Ilfn  hygrometer  is  merely  a  differential  thermometer, 
^(ih  ou«  ball  covered  with  silk  of  the  same  colour  as  the 
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glus  of  the  other.  By  applying  water  to  the  former,  if 
the  air  be  very  dry,  the  evaporation,  and  consequent  re- 
doctioii  of  temperature,  will  be  great ;  whereas,  if  it  be 
suppose  it  saturated,  there  will  be  no  evi^Kuration, 
of  course  no  change  in  the  temperature.  The  cold 
gmeratedy  is  measured  by  a  scale  adapted  to  the  tube^ 
the  d^rees  corresponding  with  the  state  •  of  the  atmo- 
ifdiere. 

It  was  at  first  supposed,  that  this  instrument  would 
be  of  little  use,  as  evaporation  depends  so  much  on  the 
supply  of  air ;  it  was  therefore  imagined,  that  the  cold 
woald  be  greater  in  windy  than  during  calm  weather, 
even  tboogfa  on  both  occasions  it  had  the  same  quantity 
of  moisture.  Mr  Leslie  has,  however,  shewn  that  this  is 
■at  the  caae^  the  cold  produced  being  the  same,  whether 
Ibe  nstrument  be  exposed  on  a  calm  or  windy  day.  The 
mame  of  this  seems  to  be,  that  the  first  portion  of  vapour 
farmed^  abstracts  caloric  from  the  air  within  the  ball,  and 
cold ;  but  the  moment  that  it  is  produced,  it  is 
off  by  the  wind,  by  which  air  is  supplied,  and 
vapour  formed ;  but  as  the  temperatiure  of  the  air 
wHbout,  is  higher  than  that  within,  it  is  from  it  that  the 
calorie  is  now  taken,  and  by  which  the  vapour  is  pro- 
doeed,  so  that  though  the  evaporation  is  accelerated, 
diere  is  no  farther  reduction. 

8dL  There  are  many  bodies  which  have  a  powerful  at- 
tention for  water,  consequently  by  exposing  them  to 
air  tbey  unite  with  its  moisture,  and  become  heavier,  so 
duit  by  weighing  them,  we  have  an  indication  of  the  state 
of  the  atmosphere  with  regard  to  dryness.  Should  the 
substance  not  change  its  form  by  the  absorption,  instead 
of  weighing  it,  it  is  attached  to  the  end  of  a  beam,  to  the 
apposite  end  of  which  a  counterpoise  is  fixed,  and  the 
upright  stem  is  made  to  move  along  a  scale  on  which 
tbere  are  degrees  corresponding  to  the  state  of  the  atmos- 
phere. The  substances  employed  in  the  first  of  these 
wi^  are  <nl  of  vitriol,  potassa,  carbonate  of  potassa,  mu- 
of  lime,  and  some  others.     Those  used  in  the  last 
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.v(Mi|L««   Pari»  [faster,  or  a  piece  of  bibuloiw 


•r 


:ui.   '.  ^  :wac,  aud  periiaps  the  most  accurate  modc^  ia 

^    'M  .iMo^c^  in  len^h  which  some  bodies  ezperienee 

«k   *%w\ttiMii|C  uMHsti     Animal  substances  have  the 

^»  w%  .uk  Absorbing  moisture,  and  becoming  longer, 

K  i%/«*;>^^  ^h^tt  they  again  give  it  off,  they  are  shortened, 

•v    a«ii  ;ui  iiidicaticm  is  thus  afforded  of  the  state  of  tlie 

.uuii^*p^'ivw     Sauseure^s  hygrometer  is  of  this  kind.     It 

wiU4*iH  of  a  human  hair,  one  end  of  which  is  fixed,  the 

i^Qci  HL  put  round  a  pulley,  and  has  an  index  fixdd  to  -  ic» 

*%liicli  HK>ves  on  a  scale,  so  that  the  slightest  change-la 

'U  irtigth  is  iiuUcated.    De  Luc,  instead  of  a  hair,  ^pro- 

uv^i«i^  a  |ikve  of  whale-bone  cut  across  the  grain. 

Ill  Hitapttug  a  scale  to  these  different  instruments^  one 
viHt  must  correspond  with  extreme  dryness,  the  Mh^ 
«ilh  extreme  moisture,  the  former  of  which  is  ascertaifr- 
i\t  b>  placing  it  in  a  jar  at  a  certain  temperature,  say  W^ 
;U(»UK  ivith  some  substance  that  will  absorb  the  whole 'iMF 
liw  uiuiMluro,  so  as  to  render  the  air  dry ;  the  pciivt*)|| 
^tlivh  the  index  stands  is  extreme  dryness.  If  the^Slfr 
aruui«nt  be  now  placed  under  a  bell  jar,  resting  on^il 
plat*  of  water,  of  course  at  60,  the  air  will  become  sMk 
raicitt  And  the  index  will  point  to  extreme  mf»ttme 
'|^i>  ii|iacf»  between  these  is  divided  into  degrees,-  wluiA 
arv  quUv  arbitrary,  in  general  into  100.  '    ••"» 

U  Ik  not  Y«^t  determined  in  what  state  the  vapout^'dfe-* 
Uits  hi  %\w  alinosphere.  Some  suppose  that  it  is  di^ely 
aH>olli|iii«HiUy  blended  with  it,  while  others  asselt  fhA'ft 
m  lu  vh^*iiiical  wnkm.  The  strongest  argument  bh>A|(hl 
fU'^ai'il  bv  the  supporters  of  them  echsnical  opinito,  i^ 
ikal  ^alrr  |uimio(i  into  vapour  in  vatuo^  oonseqoentljr 
«*M^  dil  nMkm  of  the  air  is  removed.  Thus,  if  a  dl^ep 
vi  wal#r  b«  allowed  to  ascend  to  the  surface  of  the  mcp- 
suv^  vu  a  baronu*ter,  it  instantly  assumes  the  state  of  ▼». 
w*^4x  ami  tK»presw»  the  fluid.  Another  strong  argu- 
».icui  m  ftlw^W  «»f  this  doctrine,  is,  that  the  same  bulk  of 
«  1  ;>«iii,<%  ^^wtains  at  similar  temperatures  the  same  quaa- 
\uii\  v4'  ««^Mr«;  were  it  not  merely  mechanical  action^ 
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tt  is  supposed  that  the  quantity  would  vary.  On  the 
•ther  hand  it  must  be  admitted,  that  there  are  strong  ar« 
guments  on  the  side  of  the  chemical  opinion,  and  perhaps 
the  strongest  of  these  is  the  power  which  the  atmosphere 
has  of  depriving  bodies  of  the  water  they  contain.  Thus, 
many  salta^  wb^n  exposed  to  air,  lose  no  less  than  half  of 
their  w^ght,  and  the  rapidity  with  which  the  change 
takes  place,  depends  on  the  state  of  the  atmosphere ;  in- 
deed, if  it  be  moist,  there  is  no  change  at  all.  Now  in 
these  cases  it  is  known,  that  the  water  is  held  in  the 
salts  by  affinity ;  it  seems  natural  to  suppose,  that  if  it  be 
taken  from  tbeni)  it  must  be  by  one  that  is^moce  powerfuL 

Hydrogen  gas  is  always'  piocured  by  the  dei^omposi- 
tioo  of  water.  One  method  of  obtaimng'  it,  )ias  been  aU 
pady  ^eentioned,  when  giving  the  analytic  proofs  of  the 
apaqpoiiitioix  of  .  tl^is  fluid,  p.  1^.  For  procunog  it  on  a 
fMll  mc^lei  <a  much  mat^  sipj^e  process  is  followed,  the 
iptM'  being  rdecoii^posed  by  iron,  aided  by  an .  acid.  For 
tflis.purposf,  put  into  a  retort  qne  osi«  weight  of  iron  fil- 
iagi^-(or  if  ithe  gas  be  required  pure,  one  of  sine,)  th^ 
|0or  in  fpur  of  w^Uter,  and  immediately  afterwards  one  of 
oil  of  viteioL  There  is  an  instant  efPervescence,  and  dis- 
cii^gagement  of  hydrogeuigas  ;  the  water  undergoing  d&- 
cpwpnaitioo,  gives  its  oxigen  to  the  metal  to  convert  it 
ailo  an  oxid^  which,  uniting  with  the  acid»  .formS)  a  salt, 
and  is  left  in  solution  in :  the  retort ;  the  other  ingredient 
of  the  fluid,  the  hydrogen,  is  set  i^ee. 

It  baa  been  already  said,  that  when  hydrogen  and  oxi- 
g«i  are  mixed  in  proper  proportions^  and  heat -applied, 
ihej  axplode.  If,  after  being  mixed,  they  be  allowed  to 
flow  IB  a  small  stream,  and  kindled,  they  excite  a  very 
jalffuse  heat,  perhaps  the  most  intense  we  have  yet  been 
able  to  ]^x)duce.  This  constitutes  what  is  caUed  the  otci- 
hjfdrogtn  Uom-pipA  When  the  gases  were  first  used  for 
this  purpose,  they  were  kept  in  separate  vessels,  and 
Ibfced  out  by  a  odlumn  of  water,  a  pipe  proceeding  from 
eadi,  and  terminating  by  a  common  aperture*  An  in- 
stnmient  has  been  lately  constructed  by  Mr  Newman, 
into  which  tha  mixture  is  forced  by  a  condensing  syringe. 
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and  from  which  it  again  issues  when  the  stop-oock  ii 
opened.     It  consists  of  a  strong  copper  box  A,  to  which 
there  is  adapted  a  stop- 
cock By  terminated  by  a 
very  fine  aperture.     C  is 
the  condensing  syringe,  by 
which  the  gases  are  thrown  * 
from  the  bladder  D,  into 
the  box.    When  full,  hav- 
ing shut  the  cock  £,  the 
syringe  is  removed,  and 
on  opening  the  cock  B, 
the  gas  issues  with  great  force,    and  may  be  kindled. 
When  this  apparatus  was  first  used,  dangerous  explo- 
sions  often  happened,  owing  to  the  flame  rushing  into 
the  box,  and  setting  fire  to  the  gases  ;  but  this  is  now 
prevented  by  what  are  called  safety  tubes,  which 
merely  a  number  of  very  fine  tubes,  or,  which 
equally  well,  several  folds  of  fine  wire  gauze,  both  of 
which  allow  the  gas  to  escape,  but  prevent  the  admisaioD 
of  the  flame.     These  are  placed  in  a  small  box  attached 
to  the  cock  F.     There  is  occasionally  also  a  small  restr- 
voir  with  oil,  through  which  the  gas  passes,  and  which, 
should  the  flame  by  any  means  get  through  the  gaoxc^ 
puts  a  stop  to  its  progress  inwards.     When  a  piece  of 
iron  placed  on  charcoal  is  exposed  to  the  flame  of  the 
gases,  it  is  very  soon  melted,  and  thrown  about  in  beanti* 
ful  sparks.     The  heat  excited  is  even  sufiicient  to  melt 
the  earths.     Thus,  if  a  piece  of  tobacco  pipe  is  held  at 
the  point  of  the  flame,  it  is  instantly  melted  ;  and  if  thui 
be  done  in  the  dark,  the  light  is  very  intense,  so  much  so 
that  it  is  impossible  to  bear  it  for  any  time.     Though  by 
this  apparatus  we  can  act  only  on  small  objects,  yet  it  a£» 
fords  an  excellent  method  of  ascertaining  the  effects  of  an 
intense  heat  on  different  bodies.    These  will  be  enumerat- 
i*d,  when  giving  the  chemical  history  of  those  that  hare 
been  subjected  to  its  action.     If,  instead  of  the  tobacca 
|)i|)e,  a  |iiece  of  lime  prepared  by  heating  chalk  to  redness, 
bti  umhI,  and  placed  in  the  centre  between  four  or  five  jeta 


HYDROGEN.  199 

of  the  flame^  the  light  produced  is  astonishingly  brilliant, 
ID  much  so,  that  it  is  seen  in  a  dark  night  at  the  distance 
of  many  miles,  and  hence  the  use  to  which  it  has  lately 
been  put  in  carrying  on  trigonometric  surveys. 

Dr  Skidmore  has  lately  found  that  the  flame  of  the 
oxi-hydffogen  blow-pipe,  may  even  be  kept  up  under  wa- 
ter, proTided  the  tube  fromfj^ch  it  issues  be  slowly  in- 
troduced, and  kept  perpendicular.  The  brilliancy  is  the 
Mnie,  but  the  flame  assumes  a  globular  form.  If  a  piece 
of  wood  be  held  near  it,  it  gives  ofi^  sparks,  and  metals 
aie  easily  ignited. 

Hydrogen,  from  its  extreme  b'ghtness,  is  employed  for 
iQliiig  balloons.  A  balloon  is  merely  an  air-tight  bag, 
made  of  some  very  light  material,  so  that,  when  filled 
with  hydrogen,  it  is  lighter  than  its  own  biilk  of  air,  con- 
Kquently,  when  left  to  itself,  it  rises,  just  as  a  cork 
would  do  from  the  bottom  of  a  jar  of  water.  An  easy 
netbod  of  shewing  the  ascent  of  a  body  filled  with  this 
gtt,  is  the  familiar  instance  of  a  soap  bubble,  which  as- 
eaoda  when  let  off  from  a  tobacco-pipe,  attached  to  a 
tube  coming  from  a  gas-holder  of  hydrogen,  the  soap 
bubble  being  filled  with  it,  instead  of  the  air  from  the 
luugiy  aa  in  the  common  method  of  forming  it.  Balloons 
made  of  oiled  silk,  rendered  air-tight  by  being  co- 
with  varnish.  That  commonly  employed  is  Indian 
rubber,  dissolved  in  oil  of  turpentine.  As  a  sphere  pre- 
icnta  less  extent  of  surface  in  proportion  to  its  contents 
than  any  other  figure,  it  is  of  course  the  best  for  a  bal- 
loon ;  but  they  are  seldom  made  of  this  form ;  they  are 
iu  general  of  a  pear  shape,  the  point  being  kept  down. 
The  hydrogen  is  prepared  from  a  mixture  of  oil  of  vitriol 
and  water,  with  pieces  of  old  iron.  These  are  mixed  in 
barrels,  made  air-tight  by  clay,  from  which  there  proceed 
tubes,  that  join  with  the  mouth  of  the  balloon. 

Hydrogen  gas  is  now  much  employed  as  a  means  of 
procuring  a  light.  This  was  formerly  done  by  electricity, 
but  the  apparatus,  besides  being  costly,  is  difficult  to  ma^ 
nage,  and  apt  to  get  out  of  repair.  A  much  more  easily 
managed  and  less  expensive  method,  is  by  the  action  of 
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planum.  Platinum  is  soluble  in  aqua  regia,  aad  by  Ae 
addition  of  sal  ammoniac  to  the  solution,  a  brown  powder 
is  precipitated,  which,  when  subjected  to  a  red  heat,  ■£• 
ibrds  metallic  platinum  in  a  spongy  state.   Sa  Pietituim' 

Doboreigner  of  Jena,  made  the  important  discoreiyi 
(An.  de  Ch.  et  de  Th.  xxiv.)  that  when  this  «patxgy  9«W 
ter  is  exposed  to  the  action  of  a  tttream  of  hydrogen  igWr 
it  absorbs  it  with  great  rapidity,  becomes  red  IhHi  anddit 
last,  provided  air  is  present,  sets  the  gas  on  fire.  |  If.  the 
sponge  fixed  to  the  end  of  a  wire,  be  introduced  intai* 
bladder,  or  strong  phial,  full  of  a  mixture  of  S  of  hy^M^ 
gen  and  1  of  oxigen,  it  soon  becomes  incandescent,  apd 
causes  explosion.  If  the  gases  be  not  in  proper  -pntgnB 
tion,  as  wbea  there  is  a  large  excess  of  one,  or  wheft  4b 
hydrogen  it  mixed  with  air,  there  is  no  explosion,,  bulji 
gradual  dinunution,  owing  to  their  union,  and  aaneq/tntt 
formation  of  water.  Dobc«eigner  has  also  sbewi^'.4frt 
the  platinum  acts  equally,  well  for  causing  the  gape^ifp 
unite,  if  it  be  mixed  with  clay.  For  this  purpose  Att^ 
made  into  small  balls,  with  an  equal  weight  of  MoiifMMil 
clay,  and  which  are  afterwards  dried  by  a :  sligfaA  Wtat. 
To  shew  the  actioo  of  these,  having  filled  a.  jaf  nidk;^ 
mixture  of  air,  and  a  little  hydrogen,  over;mcrcuit^  .J^ 
ball  is  introduced,  and  as  it  Tests  on  the  surfscp,  it  cwiaa 
the  condensation  of  the  goaes^  which  is  shewn  by  [thfiWip 
of  the  fiuid.  The  use  to  which  thia  is  ^a|ili«LiBie«ii»> 
metry,  will  be  immediatdy  nodcad,.   ... ..         , ,.    -,  icovt 

Since  hydrogen  is  thus  so  easily  inflame^.  ii!aSKd|fti 
convenient  method  of  t)roouiing.aligbt.;:-DifEeKestiffa^Bb 
of  apparatus  are  employed;  perhaps  th«t  recomm^jidad 
some  time  ago  by  Gay  Lussao,  for  keeping 
a  store  of  hydrogen,  is  the  best.  It  consists 
of  two  vessels,  A  and  B.  A  is  a  bottle 
with  three  apertures;  into  C  is  placed  a  (X, 
stopper,  .la  which  a  rod  of  zinc,  D,  is  fixed. 
From  £  there  proceeds  a  tube,  with  a  stop> 
cwk,  having  a  v«y  fine  opening,  placed 
immediately  ofqxNdte  a  little  box,F,contaiiiT 
ittg  the  platioum.     The  vcsed  B,  terminates  by  a  tub^-Cl, 
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which  pottes  Marly-  to  th^ « Ixstttom  ^<  •  Aw ' '  Hoidng^  'filL 

cd  A  with  a  taixivre  «f  oil' of  vitriol  and  ^watler/'l'WS, 

Ae  iivi€  t€)d  is  to  be  introduced,  by  which  the  ^vrate^  b 

deeontpoBed;  and'  hydit>gen  is  disengaged.     As  it- rises 

to  the' top  df  A,  it  depresses  the  fluid  in  it{  and' Wifkes 

it  ascend  into  B ;  but  the  moment  it  gets  below  the  ^d 

ef'tlie'4^  Dj  tiie  action  stops  while,  at  the  same  time^ 

ifab'moWth  df  '■  the  pipe  6  being  below  the  fluid,  ^  the^  is 

ftp  ^teape  of '  gas.  ■    On  opening  the- sftip-coisl:^' the^'gys 

rashes  tmtf  imd  eoming  on  the  platinum;  itf  ldndled.(^«|ie 

flifid  at  th^  sacm^time  falls,  and  'getting  *  on'  •  (hei)  bh^, 

'gsneitatea  More  hydrogen,  so  that  we  have  li^wb^sia  (Mm- 

slBiiriitore  <tf  gas^  subject  to  the  pressuMtbAn^cio^Mllli 

ef  fluid;  by  which  it  may  be  forced  out;^^  Athth»^i^\tt 

'dB]^lar  Ibrm  of  the  hydrogen  lamp^ 'iainlArelj^tt^b^tt^ 

^t«A^'''A 'B,' with'a stoiMocki  C;  havYtfgthe-ii' -"u!  cii 

vpdngyplatimiin,  D,  placed  opposite  it.  Havi* '  '^ol 

Ibg^pot  in  theracid  mixture  as  far  as  B^  *''''i 

'fiiee  ef^^aioc^  F^  is  thrown  into  the  limb  Bj  ^"^ 

4Mii%<  allowed^  td  rest  on  a  piece  of  glasb  irod^-  '  i> 

IbhI  tlia.stopicack  is  then  adapted.    Hydvov  i^'^ 

'gib  9a  ganerated^'^and  rises  iafi,  depressing^    ^ 

dte  ituidin  it;  and  making  it  rise  in  A;  but  ^'»  >ii    /frr< 

it  geisr below  die  zinc,  Uie  action  aeaaes^- aiid'tUe 

ia 'PfdvearteA  from  escaping,  by  the  bent^ps^^ff  4e 
Miigkittted  with  fluids    On  opening  tbe^'Obck^' ^ 

ipes,  and  is  kindled,  itlie  fluid  falls  iv  A^  atvd  rises  in 

<'B|t -aHdicbainiP'j^abi  aoted  on  by  the  ziac^''aflbidsiiiiore 

^hfdfagpmJf^^a  that-  wi  can^have  a] wayw  a^supfdymfv  gas, 

(adhfKlxtotliejpnessuve  of  watei:^  fay  rwbidi-^iria^spelfisd 

when^t^ie  stqptoeckds  opened.  •  '  .  ^'     :  "^^  ••  :'*  "nr-; 

Th^  'distanee^at  which  die'  platinum  miist  f^'  placed, 

in  ^ese  ii^strumcnts;  depends  on  liie-presMire^'  and  the 

si^  of  th^  apdftoteof '  the  code  ;  it  must  therefore  be 

ibiin^  by*triaL  -   In  gtoeral^  half  an  inch  is  sufficient. 

•  It  ha^  been  alreiidy  mentioned,  that  a  ilnixture  of 

oxigm  isiiid  hydrogen  is  exploded* by  electricity,'  and 

hence 'th6  api^cationiof  this  to  eodiottiBtric  purposes^ 

with  the  viewi#f*aieertaiilii0g  the  quantity  of  eitfier,  that 
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exists  in  any  gaseous  mixture.  For  this  purpose,  a  Strang 
graduated  glass  jar  A,  is  used,  through  the  sides  ^  p- v  o 
of  which  there  pass  wires,  B  C,  terminatiDg  at 
the  distance  of  the  one-tenth  of  an  inch  from 
each  other.  Having  filled  it  with  mercury,  the 
gas  is  to  be  introduced  so  as  to  occupy  only 
about  ^  part  of  it,  so  as  to  allow  room  for  ex- 
pansion during  the  explosion.  The  wires  are  then  coiKr 
nected  with  a  charged  Leyden  jar,  and  a  shock  passed 
through  them,  (see  Electricity^)  and  the  rise  of  the  mercu^ 
ry  occasioned  by  the  condensation,  indicates  the  quantitjif 
of  gas  in  the  mixture,  attending  to  the  usual  precautions 
with  respect  to  temperature  and  pressure,  (see  p.  167.) 

Another,  and  more  convenient  form  of  apparatus^  haa 
been  recommended  by  Dr  Ure.  It  consists  of  a  bent 
tube,  A  B,  open  at  A,  and  shut  at  B,  which  . 
is  graduated,  and  has  wires  passing  into  it,  in  A 
the  same  way  as  in  the  other.  Having  filled  ^ 
it  with  mercury,  and  then  inserted  the  gas,  so 
as  to  occupy  a  few  inches  only  of  B,  leaving 
mercury  in  the  bent  part,  say  from  C  to  D,  ^ 
so  that  the  remainder  of  A  shall  be  full  of 
air ;  placing  the  thumb  on  the  open  end,  an 
electric  spark  is  passed  through  the  wires,  by 
which  the  gases  are  exploded ;  and  though,  during  thft 
explosion,  there  is  a  considerable  expansion,  the  mercury 
is  prevented  from  escaping  at  the  open  end ;  of  course 
the  moment  the  condensation  occurs,  the  mercury  rises 
in  the  opposite  limb. 

Wh^i  we  wish  then  to  ascertain  the  quantity  of  oxi- 
gen  ih  a  gas,  it  is  mixed  with  hydrogen,  and  fired,  and 
as  2  of  the  latter  unite  with  1  of  the  former,  we  allow 
l-8d  of  the  diminution  for  oxigen.  If,  on  the  contrary^ 
the  quantity  of  hydrogen  is  to  be  known,  the  gas  is  mix- 
ed with  oxigen,  and  fired,  and  &.Sds  of  the  diminution  aL 
lowed  for  it 

This  method  of  finding  the  proportion  of  oxigen,  or 
hydrogen,  though  extremely  accurate,  is  subject  to  this 
objection^  that  when  they  are  in  a  great  state  of  dilution. 
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the  ekctridty  doesnol  prodoce  explosion ;  it^  is  necessaiyy 
therefore,  to  add  along  with  the  gas»  some  of  that  aL- 
ready  in  the  mixture,  and  after  deducting  from  the 
whole  diminixtioD,  that  occasioned  by  the  gas  added, 
the  remainder  must  be  allowed  for  that  produced  by 
what  previously  existed  in  it. 

It  has  been  already  mentioned,  that  spongy  pla- 
tinum causes  the  union  of  oxigen  and  hydrogen.  This 
is  now  also  a{^Iied  to  eudi<»netric  purposes,  and  is 
likely  to  supersede  the  use  of  electricity,  not  only  be* 
eanse  it  is  more  easily  conducted,  but  because  it  acts  on 
die  gases  when,  in  a  great  state  of  dilution.  The  method 
of  amducting  this  experiment  is  extremely  simple.  A 
graduated  jar  being  filled  over  mercury,  to  a  certain 
depth,  with  the  gas  to  be  analyzed,  the  other  is  intro- 
duced, and  a  ball  of  platinum  and  clay  allowed  to  rise 
to  the  surfice ;  the  union  of  oxigen  and  hydrogen  goes 
on  slowly,  and  when  completed,  S^ds  must  be  allowed 
for  hydrogen,  if  it  existed  in  the  mixture,  or  l-8d  for 
oodgen.  It  has  been  found,  also,  by  Dobereigner,  that 
die  spongy  platinum  will  act  on  the  gases,  confined  by 
water,  so  that  the  experiment  may  be  performed  over 
dna  fluid.  This  is  most  easily  done  by  forming  the 
sponge  in  the  tube ;  and  for  this  purpose,  the  precipi« 
tate  jdaced  at  the  shut  end,  is  heated  by  a  spirit  lamp, 
said  is  thus  decomposed,  and  adheres  to  the  sides.  The 
tube  being  filled  with  water  on  a  trough,  has  the  gas 
introduced,  and  condensation  goes  on  in  the  usual  way. 
(Ed.  Phil.  Joum.  xi.) 

The  ignitioQ  of  platinum  by  hydrogen,  has  not  yet 
been  satisfactorily  accounted  for.  Dobereigner  has  sup- 
posed it  to  be  owing  to  electricity,  the  hydrogen  and 
pkatinmn  forming  an  electric  circuit ;  a  supposition  not 
supported  by  experiment. 

PsaoxiD  OF  Htdbogxn. 

Aeoording  to  Thenard,   (An.   de  Chim.  viil— An. 
of  PhiL  vi.)  oxigen  and  hydrogen  unite  in  other  pro^ 
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portions  than  those  constituting  water^  and  form  a  fluid 
possessed  of  very  remarkable  properties,  which  has  been 
called  deutoxid,  or  pcroxid  of  hydrogen.  It  is  prepar- 
ed by  a  very  complicated  process,  in  which  substances 
are  used,  the  properties  of  which  have  not  yet  been  de- 
scribed, {see  Baryta,) 

Peroxid  of  hydrogen  is  a  transparent  colourless  fluid, 
which,  when  it  touches  the  skin,  occasions  pain  succeeded 
by  inflammation.  Its  specific  mravity  is  1462 ;  when  heat* 
ed,  it  give^  dff 'iofxigleD  gaf^,  the'disengag^m^edt  commenc- 
ing at  about  60,  and  hence  the  necessity  of  keeping  it  be- 
low this.  It  is  decomposed  by  many  of  the  metals  and 
their  compounds.  Thus,  when  thrown  on  filings  of  lead, 
silver,  or  gold,  oxigen  is  disengaged.  A  few  of  the 
metals,  as  arsenic^  >  ip  decomposing  it,  unite  with  its 
oxigen.  Some  of  the  compounds  of  the  metals,  and  oxi- 
geiiy  cause  the  excess  of  ^oxiffen  to  be  set  free,  withoiil 
themselves  undergoing  any  cnange,  wliile  others  at  the. 
aame  time  give  off  their  own  oxigen. 

As  the  oxigen  is  easily  expelled  from  this  compound* 
and  by  which  it.  is  converted  to  water,  the  proporticms  o^ 
its.ingredieqts  are  thus  discovered;  but  i|s  during  l^e 
expulsion  there  is  a  considerable  explosion,  it  is  necep*. 
sary  to  dilute  it.     In  analyzing  it,   Thenard  mixed  a. 
certain  weight  of  it  with  about  20  of  water,  and  h^t^ 
it  cautiously,  by  which  the  whol^  of  the  oxigen  above, 
that  necessary  for  the  conversion  of  the  hydrogen  ij^Ui^ 
water,  was  driven  off  and  collected.     In  this  way  .i^y, 
found  it  to  contain  exactly  twice  as  much  4s  exists  jfi^ 
water,  so  that  if  we  consider  the  latter  as  composed  of 
1  of  hydrogen  to  8  of  oxigen,  the  oxigenized  fluid  will 
contain  1  to  16,  and  if  so,  it  must  have  1  atom  of  the 
one  to  2  of  the  other,  and  its  atomic  weight  will  therefore 
be  21.25. 

Hydrogen  exists  in  all  animal  and  vegetable  matter, 
and  is  given  off  by  them  during  their  putrefaction.  Hence 
it  is  found  in  pits,  in  marshy  situations,  and  over  stag- 
nant pools.  In  the  present  state  of  the  science,  it  must 
be  ooniidered  an  elementary  body. 


SECTION  HI. 


SIMPLE  ACIDIFIABLE  BODIES. 


NITROGEN,  OB  AZOTE. 

It  lias  been  already  mentioned,  that  the  air  of  the  atmo- 
sphere contains,  besides  oxigen,  a  gas  possessed  of  very 
different  properties.  It  is  Nitrogen,  so  called  because  it 
enters  into  the  composition  of  nitre  and  nitric  acid,  a 
name  eiven  it  insteiid  of  AzaU,  by  which  it  was  usually 
known,  and  derived  from  the  Greek  «,  privaHvef  and  («;, 
lift,  as  being  destructive  of  animal  life. 

It  18  a  transparent  and  colourless  gas,  destitute  of  taste 
a6d  smeU.  It  is  lighter  than  atmospheric  air ;  but  its 
Bj^itiBe  gimvity  luis  been  variously  stated.  According  to 
Blot  ana  Arrago  it  is  969»  while  Dr  Thomson  makes  it 
9TS.S,  which  is  now  generally  considered  to  be  correct ; 
100  inches  weighing  at  temp.  60,  and  bar.  80, '  29.65  gr. 
flSs  iftom  i*  17.5. 

'  Caloric  ^uses  no  change  on  it  except  that  of  volume. 
It  is  not  affected  by  light.  Its  distinguishing  feature  is 
its  not  supporting  combustion,  as  is  shewn  by  putting 
into  it  a  lighted  candle,  or  by  placing  a  jar  of  it  over  a 
piece  of  buhiing  phosphorus,  by  which  both  are  extin- 
guished.  A  beautiful  illustration  of  the  influence  of  oxi- 
gen and  nitrogen  over  combustion,  is  shewn  by  filling  a 
▼ase  with  each,  and  plUnging  into  the  latter  a  candle  with 
a  long  wicky  by  which  it  is  instantly  extinguished ;  but 
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oxigen  and  nitrogen,  other  substances  exist  in  it,  of  whidb 
the  principal  are  watery  vapour,  and  the  eUmtic  fluid 
called  carbonic  acid.  These  must,  however,  be  oooai- 
dered  adventitious,  the  former  being  derived  from  the 
evaporation  constantly  going  on  from  the  surface  of  the 
water  ;  the  latter  a  product  of  respiration  and  combu^ 
tion.  Its  quantity  varies  from  1  in  the  100,  to  1  in  the 
1000,  and  of  course,  according  to  its  proportion,  so  mull 
be  that  of  the  oxigen  and  nitrogen ;  but  though  this  ii 
the  case,  the  relative  quantities  of  the  latter  to  each 
other  is  always  the  same. 

Though  carbonic  acid  is  stated  as  existing  in  theatnuK 
sphere,  Vogel  has  lately  asserted,  (An.  of  Phil.  N.  S.  is.) 
diat  that  over  the  ocean  does  not  contain  any ;  if  ao^ 
the  proportion  of  its  ingredients,  leaving  out  the  watoj 
vapour,  are  SO  oxigen  to  80  nitrogen. 

With  respect  to  the  relation  which  the  ingredienta  of 
the  atmosphere  bear  to  each  other,  some  suppose  thai 
they  are  merely  mixed,  while  others  assert  that  they 
in  chemical  union.  Those  who  espouse  the  latter 
trine,  argue,  that  if  they  were  in  a  state  of  mixtwe^ 
they  would  separate,  and  each  would  occupy  the  aitiui- 
tion  allotted  to  it  by  its  specific  gravity ;  which,  how- 
ever, is  not  the  case,  the  air  being  of  uniform  compoi^ 
sition  throughqut  Besides,  it  is  well  known  that 
affinity  does  exist  between  them ;  for  they  can  be  made 
to  enter  into  union.  On  the  contrary,  the  supporter!  of 
the  mechanical  doctrine  assert,  that  if  they  do  combine 
when  they  are  presented  to  each  other,  in  the  propor- 
tions constituting  air,  they  ought  to  shew  marks  of  ac- 
tion, and  the  product  ought  to  have  properties  difierent 
from  those  of  its  ingredients ;  neither  of  which  is  the  case. 
Mt^Dalton,  who  espouses  this  side  of  the  question,  baa 
formed  an  hypothesis,  by  which  he  endeavours  to  ex- 
plain why  the  gases  do  not  separate,  and  which  be  haa 
applied,  not  only  to  the  atmosphere,  but  to  all  other 
mixture  of  aeriform  bodies,  whether  gases  or  vapours. 
The  particles  of  a  pure  elastic  fluid,  are,  according  to 
him,  globular ;  and  as  they  are  all  in  any  small  given 


Volutike  subject  to  the  sibAe  pressure,  they  will  be  of  th^ 
Mme  bulky  and  will  present  the  appearance  of  a  pile  of 
balls.  They  are,  he  conceives,  composed  of  an  eicceed- 
iagly  small  central  atom  of  solid  matter,  surrounded  by 
in  atmosphere  of  heat,  of  gfeat  deAsity  next  the  centre, 
bat  gradually  becoming  nurcr.  An  elastic  fluid  expands 
Ike  moment  the  pressure  is  diminished ;  the  particles 
Inait  therefore,  he  sftye^  repel  each  other.  When,  thert^ 
gases  which  do  not  act  chemically  are  mixed,  Mr  Daltort 
ftapposes  that  the  particles  of  the  one  are  non-elasticj  ot 
repulsive  with  respect  to  those  of  the  other ;  consequent- 
l|p;:each  willactwith  its  own  elusticity  or  repulsion,  and 
diffase  itself  throughout  the  jar.  '  As  the  one  neither  at^ 
tmcts  DCMT  repels'  the  other,  there;  is  no  reason  why  they 
Aaaid  oeeupy  different  places,'  accof^ihg  to  their  speci-^ 
fie  gravity ;  so  that  the  particles  of  the  one  will  go  into 
Ibe-interstiees  of  the  othei*.  • 

n  This  opinion  *  of  Dalton  has  drawti  forth  the  animad-* 
Versions. of  several  eminent  chemists;  but  for  the  fuUef 
fllastration  of  this  subject,  the  reader  is  referred  to  DaU 
loi^  System  of  Chemical  Philosophy. 
:i  Air  is  necessary  for  combustion  and  tespiratloti.  A 
CBodle  will  not  burA=  in  vacuo^  or  if  it  be  kept  in  a  con^ 
fioid  quantity  of  it,  the  combustion  soon  ceases^  ThUs^ 
if'  a  jar  open  above  and  below,  but  having  a  cotk  fitted 
liseiiraiCily  to  the  upper  aperture,  be  placed  over  a  candle 
ttanding  in  a  plate  of  water,  the  flame  very  soon  disap^ 
pn^-;  and  that  there  is  a  consumption  of  part  of  the  ain 
»  shewn  by  the  risei  of  the  water  in  the  jar ;  and  that  it 
is  the  okigen  that  is  removed,  is  proved  by  introducing  a 
lighted  taper  into  the  residual  gas,  which  is  instantly  ex- 
tii^ished. 

It  is  remarkable,  howcvef,  that  though  attndspheric; 
sir  supports  combustion,  and  which  it  docs  from  its  con-* 
tainiag  osigen,  it  loses  this  power  long  before  the  whole 
of  this  gas  is  consumed.  It  is  well  known,  that  a  lamp 
with  oil  will  bum  in  air  in  which  a  candle  has  been  ex* 
tinguished,  and  this  is  still  more  beautifully  illustrated 
by  an  experiment  of  Davy,  (Davy  on  Flame,)  in  which 
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he  kept  a  candle  in  a  bottle  till  it  was  extinguished.  O0 
removiiig  it,  the  mouth  was  covered,  and  there  was  afiterp^ 
wards  introduced  a  stream  of  hydrogen,  inflamed,  which 
continued  to  burn  for  some  time.  On  removing  the  pipe^ 
a  sulphur  match  was  found  to  bum,  and  even  after  it  s 
piece  of  phosphorus,  when  heated  in  the  residual  gai^ 
took  fire,  and  its  combustion  continued,  though  by  no 
means  with  the  same  splendour  as  in  air.  These  effects 
seeol  to  be>bccasioned  by  the  admixture  of  the  product 
of  the  cmubustion  with  the  air,  and  hence  they  vary  aiB* 
cording  to  the  nature  of  the  inflammable  body* 

Air  is  alio  essential  for  respiration.  If  any  one  of  the 
higher  clasps  of  animals  be  confined  in  an  exhausted  new 
ceiver,  if  speedily  expires.  A  renewal  of  it  is  also  neoea* 
sary ;  for-  if  the  animal  be  kept  in  a  confined  quantity  of 
it,  and^  unless  it  ia  changed,  life  is  soon  extinguished^ 
owirig  ta'  a  total  alteration  of  properties,  and  that  U  ia  ao' 
is  easily  pioved.  We  have  merely  to  mount  a  jar  en  a 
water-tlough,  and  by  means  of  a  bent  tube,  fill  it  with 
air  from  the  lungs.  On  putting  a  lighted  candle  into  it, 
it  is  instantly  extinguished,  so  that  that  part  which  sup* 
ports  combustion  is  consumed.  The  nature  of  the  changes 
that  take  place  during  combustion  and  respiration,  will 
be  detailed  when  describing  the  properties  of  inflamma. 
bles,  and  when  treating  of  blood.  The  pressure  of  the 
atikioqphcl'e,  and  the  purposes  it  serves  in  spontaneous 
evaporation,  have  been  already  considered  under  ainm^ 
sphere  and  xeatery  pp.  165. 190. 
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This  elastic  fluid  is  not  prepared  by  the  direct  con»ii 
bination  of  its  ingredients;  we  are  obliged,  therefore, 
to  have  recourse  to  the  decomposition  of  compounds  coa- 
taining  them.  The  substance  from  which  it  is  alwaya 
obtained  is  the  salt  called  nitrate  of  ammonia,  which  is 
a  compound  of  nitric  acid  and  ammonia,  the  former  con- 
taining oxigen  and  nitrogen,  the  latter  hydrogen  and 
nitrogen,  and  which,  by  the  application  of  heat,  are 
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ittde  to  enter  into  n  new  state  of  union,  and  generate 
tvD  new  compound^  water  and  nitrous  oxid,  (^ee  Niirate 
ffJmmamia.) 

Nitrous  oxid  was  discovered  by  Priestley  in  1778,  who 
gvre  it  the  name  of  Oephlogisticated  Nitrous  Air.  The 
Mindated  Dutch  chemists  examined  its  nature,  and 
Atwed  that  it  contains  oxigen  and  nitrogen,  but  we  are 
indebted  to  Sir  H.  Davy  for  the  fullest  account  of  its 
pmpertiesy  which  he  has  published  in  his  *^  Besearches 
iato  the  nature  of  nUrous  oxid^  the  name  given  to  it  by 
him. 

It  ia  a  transparent  and  colourless  gas,  hence,  of 
ooforse,  invisible.  Its  specific  gravity  is  1527,  100 
cubic  inches,  weighing  45.5  gr.  It  has  a  sweet  taste,  and 
a  faint  peculiar  odour.  Mr  Faraday  has  succeeded,  by 
sabjecting  it  to  strong  pressure,  in  condensing  it  into  a 
tnmaparent  colourless  fluid,  which  was  so  volatile,  that 
the  heat  of  the  hand  made  it  evaporate,  even  though 
kept  under  the  pressure  at  which  it  was  produced.  It 
MBained  liquid  at  —  10  F.  When  the  tube  in  which  it 
kad  been  condensed  was  broken,  it  instantly  flew  off  in 
vapour. 

By expodng  nitrous  oxid  toa  high  temperature,  aswhen 
it  ii  passed  through  a  red  hot  tube,  or  by  transmitting 
dectric  sparks  through  it,  it  is  decomposed  and  convert- 
ed into  nitric  acid  and  atmospheric  air,  both  of  which 
*'i?tffl<»^  oxigen  and  nitrogen,  the  former  having  a  larger, 
the  latter  a  smaller  proportion  of  oxigen  than  exists  in 
aitroua  oxid.  It  is  evident,  therefore,  that  one  part  must 
have  taken  oxigen  from  the  other,  that  gaining  it  be- 
the  acid,   the  other  losing  it,  the  atmospheric 


L^^t  does  not  exert  any  change  on  it.  By  subjecting  it 
to  the  action  of  many  other  bodies,  the  properties  of 
vhidi  have  not  yet  been  described^  its  composition,  and 
tha  proportions  of  its  ingredients,  have  been  discovered. 
From  the  experiments  of  Davy,  and  of  Gay  Lussac  and 
Thenard,  it  is  known  to  be  composed  of  two  volumes  of 
aitiogen,  and  one  of  oxigen,  which  together  make  two 
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volumes ;  and  that  this  is  the  case  is  proved  by  its  md* 
tion  with  hydrogen.  When  mixed  with  it,  and  heat  is  Bp^ 
plied,  or  when  an  electric  spark  is  passed  through  it,  it 
explodes.  The  proper  proportions  are  two  of  eadi, 
and  the  products  are  water  and  nitrogen,  equal  in  bulk 
to  the  oxid.  It  is  evident  from  this,  that  it  must  oon- 
tain  its  own  volume  of  nitrogen  ;  and  again,  as  the  whole 
of  the  hydrogen  has  formed  water,  with  the  oxigen  ex- 
isting in  it,  it  must  contain  half  its  bulk  of  oxigen,  be- 
cause 2  of  hydrogen  require  1  of  oxigen  to  form  water. 
Nitrous  oxid  is  therefore  composed  of  two  of  nitrogen, 
and  one  of  oxigen  condensed  into  two.  If  so,  its  component 
parts  are  972.2  x  2  =  1944.4,  to  1111.1, 
and  as  1944.4:  1111.1  ::  17.5  :  10. 
So  that  it  is  composed  of 

1  atom  of  nitrogen,  17.5 

1  atom  of  oxigen,  10. 


and  its  atomic  weight  is    27.5 

This  also  shews  that  the  atom  of  nitrogen  is  represented 

by  2  volumes,  the  oxid  containing  1  of  oxigen  and  2  of 

nitrogen.     As  it  is  composed  of  two  volumes  of  nitrogeh^. 

and  one  of  oxigen  condensed  into  two,  its  specific  gnu 

vity  is 

972x2  +  1111        ^^^^ 
^ =  1762  ; 

which  is  that  given  it  by  Thomson. 

Nitrous  oxid  has  no  action  with  oxigen,  with  nitrogen, 
or  with  air.  It  is  capable  of  supporting  combustion.  If 
a  candle  recently  extinguished,  but  with  part  of  the 
wick  still  red,  be  put  into  a  jar  of  it,  it  is  rekindled, 
aiul  then  burns  with  a  bright  flame.  A  distinguishing 
f«»Ature  of  the  gas,  is  its  action  with  sulphur.  If  a  matdi, 
junt  when  kindled,  be  put  into  it,  it  is  extinguished  ;  but 
if  the'  combustion  be  allowed  to  become  lively  before  it 
i«  tuuuersed  in  it,  it  then  bums  with  a  bright  white 
lUiiii*,  with  a  rose  red  tinge  around  the  edge. 

\ili\kus  oxid  is  respirable ;  it  is,  however,  unfit  for  the 
«u)i|Hiit  «xf  life.     Priestley  and  others  have  shewn,  that 
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tnimals  confined  in  it  scx>i\  expired.  Davy  found,  that 
the  larger  warm-blooded  ones  died  in  five  or  six  minutes,  ' 
aod  the  smaller  ones  in  two  minutes.  Those  of  the 
amphibious  class  lived  longer,  but  insects  were  killed 
almost  the  moment  they  were  introduced.  Fish  kept  in 
water  impregnated  with  it,  died  in  a  quarter  of  an  hour. 

Its  effects  on  the  human  system  are  remarkable.  They 
were  first  discovered  by  Davy,  who  had  the  boldness  to 
breathe  it  undiluted.  It  is  a  powerful  stimulant,  pro- 
ducing great  excitement  both  of  body  and  mind.  Soon 
after  |ffai.thiDg  it,  a  particular  sensation  is  felt,  attended 
with  a'pleasurable  thrilling  in  the  chest  and  extremjties; 
the  objects  around  become  dazzling,  and  the  hearing  is 
nodered  acute.  As  the  respiration  is  continued,  these 
lensations  increase,  accompanied,  in  general,  with  a  pro- 
pensity to  muscular  motion  and  violent  laughter,  and 
the  desire  to  continue  the  respiration  becomes  so  strong, 
that  the  person  lays  hold  of  the  pipe  from  which  he 
breathes  it,  and  makes  resistance  to  any  attempt  made 
to  deprive  him  of  it ;  there  is  no  danger,  however,  of 
lib  taking  too  much,  for  the  muscles  of  the  mouth 
becoming  no  longer  able  to  sliut  on  the  pipe,  he  either 
allows  it  to  drop,  or  he  breathes  only  atmospheric  air. 
After  it  has  been  breathed  for  some  time,  the  lips  be- 
oome  pale  or  livid,  and  the  individual,  in  general,  loses 
all  reecdlfictioa  of  what  has  happened.  The  effects  vary, 
iKmerer,  in  different  persons,  and  even  in  the  same  in- 
4Mduai  at  different  times.  In  some  the  intellectual 
iKulties  only  are  affected,  while  in  others  there  is  a  pro- 
psDsity  to  muscular  motion,  as  dancing,  leaping,  or 
fimning.  It  has  occasionally  happened,  however,  that 
qitrous  oxid  has  been  breathed  without  causing  any  pe- 
eulimr  effects,  and  which  has  given  rise  to  the  idea  that 
inagination  has  a  great  share  in  producing  those  men- 
tioned ;  but  this  has  now  been  put  beyond  doubt,  repeat- 
ed attempts  having  been  made  to  deceive  the  people,  as 
by  substituting  air  for  it,  or  by  not  informing  the  person 
of  the  effects  it  was  likely  to  induce.  It  is  remarkable, 
tliat  in  many  cases  the  individual  is  aware  that  he  is  be- 
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having  strangely,  but  the  propensity  is  so  strong  that  1m 
cannot  refrain  from  it  In  general,  the  effects  cease  in 
the  course  of  five  or  six  minutes,  and  what  is  remarkable, 
they  are  not  succeeded  by  depression,  which  is  the  caia 
with  other  stimuli,  on  the  contrary,  a  degree  of  exhilani* 
tion  continues  for  some  time.  The  quantity  of  gas  r& 
quired  varies  in  difPerent  persons,  and  even  in  the  same 
individual  at  difPerent  times.  From  4  to  10  quarts  may  be 
respired,  and  its  effects,  in  general,  appear  in  the  coiint 
of  about  a  minute ;  but  as  he  becomes  accustomed  to  iff 
a  larger  quantity  is  necessary.  Sir  H.  Davy  states  thai 
he  has  breathed  it  for  4^  minutes. 

The  method  of  respiring  it  is  very  simple.  A  bladdflv 
or  oiled  silk  bag,  furnished  with  a  stop-oock,  is  filled 
with  it,  and  having  emptied  the  lungs  as  mneh  as 
possible,  the  pipe  is  put  into  the  mouth,  and  theiii* 
trous  oxid  is  drawn  in,  taking  care  to  stop  the  noetrils; 
to  prevent  the  admission  of  atmospheric  air.  Having 
kept  the  gas  in  the  lungs  for  a  short  time,  it  wmf 
either  be  thrown  away,  or  expired  into  the  bladder,  audi 
which  is  preferable,  because  its  properties  are  not  eott* 
pletely  destroyed  by  one  inspiration*  In  this  way  il! 
may  be  drawn  from  the  bladder  into  the  lungs,  and  flw 
them  thrown  again  into  the  bladder,  till  the  efPects  an. 
produced. 

It  has  been  ascertained,  that  after  the  respiration  htm 
been  kept  up  for  some  time,  the  gas  disappears,  and  ni* 
trogen  is  left  When  exposed  to  blood,  it  seems  also  tm 
be  absorbed,  and  to  have  its  place  supplied  by  nitrogen ; 
but  how  it  acts  in  producing  its  singular  efPects  has  not 
been  ascertained. 

Nitrous  oxid  is  easily  absorbed  by  water,  which,  at  m 
natural  temperature  and  pressure,  will  take  up  neaiiyc' 
its  own  bulk  of  it.  Though  this  is  the  case,  we  may  pra»^ 
psre  it  with  a  water  trough,  because,  though  it  absovba- 
it  in  considerable  quantity,  yet  the  absorption  goes:  on 
slowly.  The  solution  has  a  sweetish  taste,  and  will,  aa 
boiling,  give  oflP  the  oxid  unchanged  in  its  properties. 
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PjEBoxi0  OF  Nitrogen^  o&  Nitric  Oxip. 

Thu  was  first  mentioned  by  Hales,  but  Priestley  may 
be  considered  the  discoverer  of  it,  at  least  we  are  indebt- 
ed to  bim  for  the  first  account  of  it.  He  gave  it  the 
Bune  oi  Niirtma  Jir^  and  it  was  afterwards  called  Nitrous 
Gms^  terms  which  have  given  way  to  those  of  nitric  oxid, 
«iid  perosid  of  nitrogen. 

Nitric  oxid  is  a  transparent  colourless  gas,  of  course 
miisible.  Its  specific  gravity  has  been  d)ffere,ntly  staged ; 
aeoording  to  Kirwan,  it  is  1190,  to  Davy,  pO^,  while 
Dr  Thomson  considers  it  to  be  lO^l,.  which  it  will  be 
inmediately  shewn  is  correct ;  if  so,  100  cubic^  inches 
win  weigh  81.7  grains. 

When  subjected  to  the  action  of  substances  having  a 
powerful  attraction  for  oxigen,  it  is  decomposed,  nitro- 
gen gas  is  set  at  liberty,  and  a  compound  of  oxigen 
aad  the  other  body  is  formed.  The  action  with  char- 
coal is  the  most  simple,  and  most  satisfactory.  Char- 
coal,  it  may  be  here  remarked,  unites  with  oxigen, 
and  forms  a  gas  called  carbonic  acid,  containing  exactly 
its  orwn  volume  of  oxigen.  Now,  if  charcoal  in  a  state 
of  combustion  be  introduced  into  4  volumes  of  nitric 
csid,  2  volumes  of  nitrogen,  and  2  volumes  of  the  com- 
pound of  carbon  and  oxigen,  are  formed,  and  which,  it 
kat  been  said,  contains  its  own  voluoie  of  the  latter. 
From  this  it  is  evident,  that  the  component  parts  of  4 
iplames  of  nitric  oxid  are,  S  volumes  of  oxigen  and 
S  of  nitrogen,  united  without  condensation.  Nitrous 
Olid,  it  has  been  already  said,  (p.  SIS.)  contains  one  of 
oongen,  and  two  of  nitrogen,  so  that  it  has  only  half  the 
^[iiantity  of  oxigen  that  exists  in  the  peroxid. 

Since  nitric  oxid  contains  equal  volumes  of  nitrogen  and 
oxigen,  the  proportions  by  weight  must  be  as  their  specific 
gravities;  that  is,  as  97S  to  1111, 

and  as  97S:  1111 : :  17.5  :  SO; 
io  that  it  is  composed  of 


1 


t  o.vlgt^lS  ...  SO. 


%N  .i«.uuiic  Height  must  be        -         37.5 
^uhc  gravity  of  nitric  oxid  must  be 
nil  +  972 
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=  1041. 
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a^  .  ouipouuiis  of  oxigen  and  nitrogen  afford  a  beauti. 
^«  .^uc^kiu^ioiu  not  only  of  the  union  of  bodies  in  definite 
.v^vkucus^  hut  also  of  the  laws  established  by  Gay  Lus« 

^^^  ^.  ;:U  rt'spcct  to  combination  of  gases  in  simple  ratios 

H  *«jiiuu4\\  auil  tho  sjiace  they  occupy  when  united. 
lu  tiUuHiH  oxid,  ^  of  nitrogen  unite  with  1  of  oxigen, 

k«kHilu(g  oaiv  ^  of  the  compound,   so  that  the  condensa-. 

^1^1  iH  i-^u^id  to  the  volume  of  the  oxigen.  Nitric  oxid 
vxUilHUiik  vxiuai  vohunes,  so  that  the  oxigen  in  it  is  exactly 
si(^)hK^  i»f  that  in  the  other,  and  here  there  is  no  change 
lU  the  bulki 

NUvio  iv\id  is  not  affected  by  heat,  by  light,  nor  by 
s;Uvtiicitv«  It  docs  not  support  combustion,  except  in  ak 
(tt\K  inHtauoofi ;  thus,  a  candle  or  sulphur  match,  when 
^C  iitto  it,  is  instantly  extinguished.  It  has,  however, 
kctfii  iklnrady  said,  that  charcoal  may  be  burned  in  it, 
yt^  IklV  not  acquainted  with  its  effects  on  respiration,  in«> 
l|fvU  it  VHiinot  bo  breathed,  for  the  moment  it  comes  in 
VHWttU't  ^ith  the  air  always  existing  in  the  mouth,  jt  ia 
<#iii^v«l«4^v  vhangoil. 

Tk¥  MHwt  remarkable  property  of  nitric  oxid,  is  its  ac* 
|R^^  ^ith  air,  or  with  oxigen  gas.  Tlie  moment  it  ia 
ummh)  «itli  ntlicry  red  fumes  are  formed,  and  which  are 
uiti'^His  ai^Ult  'i'ius  experiment  is  easily  performed.  We 
t^vv  nu^n'lv  to  lift  a  jar  full  of  it  from  the  water  trough 
\^  wkWh  it  is  standing,  and  the  fumes  instantly  appear, 
TK^  odUm  is  owing  to  the  gas  uniting  with  the  oxigen  of 
Iki^  airi  Uv  which  the  acid  fumes  are  generated ;  and  that 
it  is  «v  UMO'  ^  shewn  in  different  ways.  Into  a  jar  half 
tiUI  k4  air,  confined  by  water,  admit  bubbles  of  nitriq 
iK\i\)%  si«  lok\M  M  r^  fumes  appear  ;  and  a  gas  will  remain, 
wkwH  extinfuith««  »  lighted  candle  when  put  into  it,  sq 
tM  t^H*  ****  ww»t  have  lost  its  oxigen.     Again,  into  a  jay 
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half  full  of  nitric  oxid,  admit  nitrogen  gas,  and  there  ar« 
DO  red  fumes ;  but  if  oxigen  be  introduced,  they  appear. 
If  the  oxigen  and  oxid  be  pure,  and  mixed  in  proper 
proportions  over  water,  the  whole  disappears,  the  product 
being  absorbed  almost  the  moment  it  is  formed. 

Chemists  have  differed  widely  with  respect  to  the  pvo^ 
portions  in  which  oxigen  and  nitric  oxid  unite.  Priestley 
found,  that  when  1  of  the  former  and  2  of  the  latter 
were  used,  the  absorption  was  almost  complete,  shewing 
that  the  whole  had  entered  into  union.  Lavoisier  states 
the  proportions  to  be  much  less,  while  Ingenbouse,  Hum^ 
boldt,  Berthollct,  and  others,  conclude  that  it  is  greater. 
This  discordance  arises  partly  from  the  impurity  of  the 
gases,  but  principally  from  the  method  followed  in  mix- 
ing them.  Thus,  if  the  jar  is  large,  so  as  to  expose  a 
great  surface  of  water,  by  which  the  absorption  is  rapid, 
the  oxigen  consumed  is  less  than  it  ought  to  be,  and 
Ugain,  the  consumption,  by  adding  the  oxigen  to  the  oxid, 
differs  from  that  produced  by  the  addition  of  the  oxid  to 
the  oxigen. 

Dalton  and  Gay  Lussac  have,  however,  in  their  expe- 
liment&i  found,  that  though  the  proportions  in  which  they 
Uiiite  v^y,  yet  under  similar  circumstances,  the  con* 
fumption  is  the  same ;  according  to  the  latter,  100  of 
oxigen  gas  condense  from  134  to  365  of  oxid,  if  the  ex- 
periment be  performed  over  water,  but  when  it  is  not  pre* 
sent,  they  consume  204,  or  more  probably  200.  Now, 
in  these  three  cases,  three  different  compounds  are  form* 
^,  that  with  134  being  nitric  acid,  with  200,  nitrous 
IMnd,  and  with  365,  hyponitrous  acid. 

When  the  property  of  nitric  oxid  uniting  with  oxi* 
gen  was  discovered,  it  was  applied  to  the  purposes  of 
eudiomein/,  or  of  ascertaining  the  quantity  of  oxigen  in 
gases.  This  was  first  recommended  by  Priestley,  and 
liom  the  ease  with  which  it  could  be  done,  and  the  quick* 
ness  with  which  the  result  was  obtained,  it  promised  to 
i^  of  great  utility,  but  it  is  now  known  to  be  liable  to 
fo  many  objections,  that  little  confidence  is  placed  in  it. 
Nitric  oxid  is  frequently,  however,  employed  as  a  test 
of  the  presence  of  oxigen,  which  it  will  detect  even 
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though  in  very  small  quantity.  It  has  been  already 
mentioned,  that  nitric  oxid  does  not  act  with  nitrogen ;  if, 
however,  a  little  oxigen  be  present,  the  red  fumes  appear, 
hence  we  can  easily  ascertain  whether  the  nitrogen  pro- 
cured by  the  process  stated,  is  pure,  that  is,  if  the  whole 
of  the  oxigen  has  been  removed.  We  have  merely  to 
admit  a  few  bubbles  of  nitric  oxid  into  a  jar  of  it.  If 
no  fumes  are  produced,  it  is  of  course  pure. 

Nitric  oxid  does  not  act  with  hydrogen  gas.  Even 
when  heated,  or  when  an  electric  shock  is  passed  through 
them,  they  do  not  explode.  The  mixture  is,  however, 
acted  on  by  spongy  platinum,  the  hydrogen  uniting  widi 
the  oxigen,  and  setting  the  nitrogen  free. 

Water  after  distillation,  so  as  to  free  it  from  impari- 
ties, absorbs,  according  to  Davy,  l-lOth  of  its  bulk  of  jodk 
trie  oxid  ;  100  cubic  inches  of  it,  when  freed  of  its  air 
by  boiling,  took  up  11.8.  A  different  effect  is,  however, 
produced,  when  common  water  is  employed,  because  the 
air  in  it  decomposes  the  gas,  and  forms  a  little  nitrfe 
acid,  which  is  absorbed. 

Nitric  oxid  has  no  action  with  nitrous  oxid.  When 
they  are  mixed  over  water,  there  are  no  fumes,  and  this 
want  of  action  is  probably  owing  to  the  oxigen  in  the 
latter  being  held  by  too  powerful  an  affinity. 

Nitric  oxid  cannot  be  procured  by  the  direct  coidImU 
nation  of  its  ingredients ;  we  are  obliged,  therefor^  to 
have  recourse  to  the  decomposition  of  compounds  eon. 
taining  them.  That  always  employed  is  nitric  a^d, 
which  has  the  same  ingredients,  but  with  the  oxigen-  in 
larger  proportion,  so  that  all  that  is  necessary  is  to  de-i 
prite  it  of  a  part  of  this,  by  which  it  is  reduced  to  nitric 
oxid,  and  for  this  purpose,  almost  any  metal  may  be  used^ 
but  that  generally  employed  is  copper.  (See  Copper.) 

Oxigen  and  nitrogen  unite  in  other  properties,  and  form 
different  compounds,  all  of  which  are  acids ;  they  will 
therefore  be  considered  under  the  class  of  acids. 

Nitrogen  unites  with  hydrogen,  and  generates  a  g». 
seous  fluid  called  ammonia ;  but  as  it  is  possessed  of  alka- 
line properties,  it  will  be  considered  under  that  class. 

Various  attempts  have  been  made  to  discover  the  natui^' 
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of  nitrogeD.  Berzelius,  partly  from  experiment^  partly 
from  reasoning  founded  on  the  atomic  doctrine,  has  con^ 
duded  that  it  is  a  compound  of  oxigen  and  an  unknown 
base,  to  which  he  has  given  the  name  of  nitricum ;  but 
of  the  existence  of  this  we  have  no  satisfactory  proofs. 
Experiments  have  also  been  performed  by  others,  in 
which  compounds  containing  nitrogen  have  been  used, 
as  the  volatile  alkali  ammonia,  (see  Ammonia,)  and  from 
which  some  have  been  inclined  to  infer  that  it  is  a  com- 
poand.  This  conclusion  must,  however,  be  deceived  with 
great  caution.  In  the  present  state  of  the  science,  it  must 
be  considered  a  simple  body. 

Nitrogen,  as  has  been  already  mentioned,  exists  in 
large  quantity  in  the  atmosphere.  It  is  emitted,  also, 
fiom  some  waters ;  a  remarkable  instance  of  which  is  at 
Hossick  in  New  York,  the  springs  in  the  vicinity  of  the 
town  yielding  it  in  such  abundance,  that  a  quart  of  it 
nmy  be  procured  in  about  ten  seconds,  by  pressing  on 
tte  gravel  adjoining  the  water,  and  holding  an  inverted 
jar  over  the  spot  from  which  it  issues. 

Carbon,  ob  Chabcoal. 

Charcoal  is  in  general  prepared  by  collecting  a  quan- 
tity of  wood  into  a  heap  of  a  conical  form,  with  a  base  of 
about  10  or  12  feet,  and  6  or  8  high.  It  is  covered 
with  turf,  and  then  kindled ;  and  after  the  flame  seems 
to  have  reached  the  whole  of  it,  the  admission  of  the  air 
18  prevented  as  much  as  possible  by  putting  on  more  turf. 
The  combustion  is  thus  allowed  to  go  oir  slowly  and  im- 
perfectly, by  which  the  wood  loses  its  watery  and  gaseous 
part,  and  is  completely  charred.  As  thus  prepared,  it 
is  light  and  porous,  and  retains  the  form  of  the  wood 
firom  which  it  is  obtained.  A  much  purer  charcoal  is 
now  procured,  by  subjecting  wood  in  large  cast  iron  cy- 
linders to  a  red  heat,  so  as  to  exclude  it  from  the  action 
of  the  air.  When  the  whole  of  the  gaseous  ingredients 
is  disengaged,  tKe  fire  is  extinguished,  and  the  charcoal 
allowed  to  cool  in  the  cylinder,  or  it  is  removed  from  it, 
and  instantly  put  into  iron  boxes,  in  which  it  is  kept  ex- 
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eluded  from  air  till  quite  cold.  During  this  process, 
carburetted  hydrogen  gas,  and  watery  vapour,  are  given 
off,  the  former  produced  by  the  union  of  carbon  and  hy- 
drogen, and  the  latter  by  the  union  of  hydrogen  and  oxi- 
gen,  existing  in  the  wood.  At  the  same  time,  there  is 
disengaged  a  considerable  quantity  of  impure  acid,  call- 
ed pi/roligneouSf  and  which  by  distillation  yields  acetic 
acid.    (See  Vinegar.) 

When  charcoal  is  required  for  particular  experiments, 
it  ought  to  be  procured  by  putting  small  pieces  of  wood 
into  a  crucible,  covering  them  with  sand,  and  subjecting 
them  to  a  full  white  heat  for  some  time,  by  which  the 
whole  of  the  gaseous  matter  is  given  off.  It  should  then 
be  removed  from  the  fire,  and  when  hot,  put  into  bottles 
with  sand,  or,  which  is  better,  into  inverted  jars  full  of 
mercury,  and  kept  there  till  required,  so  as  to  exclude 
it  from  air  and  moisture. 

Charcoal,  as  thus  prepared,  is  not,  however,  pure  car* 
bon.  All  vegetable  bodies  contain  saline  and  earthy 
matter ;  and  as  it  is  known  that  these  are  not  destroyed, 
or  dissipated  in  vapour  by  heat,  it  is  evident  that  the 
charcoal  must  retain  some  of  them.  Hence,  even  when 
well  prepared,  saline  and  earthy  matter  is  always  found 
in  it ;  but  the  quantity  is  trifling,  in  general  not  exceed* 
ing  2  per  cent. 

Different  woods  afford  different  quantities  of  charcoal. 
Lignum  vit«  yields  -  17.6  per  cent. 

Ebony,  ,  -  .         30.5 

Brazil  wood,  -  -  26. 

Satin  wood,         ...     20.7 
Tulip  wood,  -  -  20.8 

Botany  Bay  wood,         -  -  28.1 

Fir,  -  -  -  18. 

Boxwood,  -  -  20.25 

Oak,  -  -  .  17.4 

Mahogany,         -  -        -  15.76 

Beech,  -  -  -  15. 

Lavoisier  considered  charcoal  as  pure  carbon,  with  the 
exception  of  the  admixture  of  a  little  saline  and  earthy 
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matter ;  but  others  have  supposed  that  it  is  not  so.  Mor^ 
veau,  from  his  experiments^  concluded  that  it  contained 
oxigen>  an  opinion  afterwards  shewn  by  Allan  and  Fepys 
to  be  incorrect.  BerthoUet  supposed  iilso,  that  hydrogen 
existed  in  it  as  one  of  its  ingredients,  an  opinion  adopted 
by  Cruickshank  and  others,  and  apparently  confirmed  by 
an  experiment  of  Davy,  who  found,  that  on  subjecting 
it,  even  though  recently  prepared,  to  the  action  of  gal^ 
vanism,  an  inflammable  gas  containing  hydrogen  was  dis^ 
engaged.  Clement  and  Desormes,  and  also  Allan  and 
Pepys,  have,  however,  shewn,  that  when  newly  formed, 
it  does  not,  during  its  combustion,  afford  moisture^  which 
it  ought  to  do  if  it  contained  hydrogen ;  so  that  in  those 
instances  in  which  compounds  containing  hydrogen  have 
been  got  from  it,  it  may  be  safely  inferred  that  they 
€nred  their  formation  to  the  presence  of  moisture,  from 
which  it  is  very  difficult  to  keep  it  free.  We  must  there* 
&re  consider  charcoal  as  carbon  pure,  with  the  exceptiou 
cS  the  saline  and  earthy  matter. 

Charcoal  prepared  from  wood  possesses  several  re- 
markable properties.  It  has  the  power  of  absorbing 
gases,  some  of  them  in  very  large  quantity.  If  a  piece 
of  it,  while  hot,  be  plunged  under  mercury,  and  after 
becoming  cold,  be  introduced  into  a  jar  of  gas  kept  also 
over  mercury,  it  absorbs  it,  the  quantity  differing  in  dif- 
ferent cases.  This  was  first  observed  by  Priestley,  but 
it  was  afterwards  more  fully  investigated  by  Morozzo, 
Rouppe,  and  Saussure,  the  last  of  whom  has  performed 
the  greatest  number  of  experiments  on  it«  According  to 
him,  1  volume  of  charcoal  took  up  of 

Vol.  Vol. 

Oxigen         9.2  Nitrogen  7.5 

Hydrogen    1.75  Nitrous  Oxid    40. 

The  quantities  of  the  other  gases,  not  yet  described, 
were  in  general  much  greater.     Thus,  it  took  up  of 
Carbonic  oxid      9.42  Sulphuretted  hydrogen  55. 

Olefiant  gas       35.  Muriatic  acid         -         85. 

Carbonic  acid    35.  Ammonia  -  90. 

Sulphurous  acid  65. 
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The  charcoal  used  in  these  experiments  was  got  from 
boxwood,  and  was  kept  in  mercury  till  cold,  and  then  in* 
troduced  into  the  gas,  without  allowing  it  to  come  lo 
contact  with  air.  The  gases  thus  absorbed,  may  again 
be  expelled,  unchanged  in  their  properties,  by  the  appU* 
cation  of  heat.  If,  however,  after  having  absorbed  one 
gas,  it  be  exposed  to  another,  it  gives  off  part  of  the  for- 
mer, and  takes  up  some  of  the  latter,  provided  there  is 
no  chemical  attraction  between  them,  and  the  quantity 
retained  is  in  the  ratio  of  what  it  would  absorb  of  each 
aeparately.  If  it  has  absorbed  one,  and  be  exposed  to 
another,  between  which  and  that  previously  imbibed 
there  is  an  affinity,  it  is  stated  by  Rouppe  that  they 
unite.  Thus  he  found,  that  after  having  absorbed  hy« 
drogen,  and  then  kept  in  oxigen,  the  latter  was  also  takett 
up,  and  water  was  given  off  by  the  application  of  heat% 
Having  imbibed  hydrogen,  and  then  exposed  to  nitrio 
oxid,  water  and  nitrogen  were  formed,  or  when  kept  IQ 
atmospheric  air,  it  is  said  to  have  deprived  it  entirdy  of 
its  oxigen. 

From  the  large  quantity  of  some  of  the  gases  taken  up^ 
there  must  be  a  strong  attraction  between  them  and  the 
charcoal ;  it  must  not,  however,  be  supposed  that  it  is 
chemical ;  it  depends  solely  on  the  mechanical  structure^ 
for  it  loses  entirely  its  absorbing  power  by  being  reduced 
to  powder. 

Newly  made  charcoal  absorbs  moisture  with  avidity. 
Allen  and  Pepys  found,  that  when  exposed  to  air  for 
twenty-four  hours,  it  increased  considerably  in  weight, 
but  the  quantity  varied  in  different  cases.  Lignum  vit« 
chare  al  increased  about  9  per  cent,  while  that  from  fir 
increased  13,  from  beech  16,  and  from  mahogany  18. 
When  the  charcoal  was  kept  in  mercury  heated  to  214, 
water  was  expelled. 

Charcoal  is  not  liable  to  putrefy ;  hence  it  is  customary 
to  char  the  end  of  stakes  that  are  to  be  driven  into  the 
ground,  by  which  they  are  not  only  preserved,  but  pene- 
trate the  earth  more  easily.     Charcoal  also  possesses  the 
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ranarkable  property  of  depriviog  bodies  of  their  colour, 
taste^  and  smelL  When  water  has  become  putrid,  from 
karing  been  kept  long  in  wooden  vessels,  it  is  deprived 
of  ita  putridity,  by  filtering  it  through  charcoal  in  pow- 
der, a  method  often  resorted  to  in  long  voyages.  For 
thiB  purpose,  a  quantity  of  it  is  put  into  the  casks,  and, 
after  being  shaken,  the  powder  is  allowed  to  fall  to  the 
bottom,  and  the  water  may  be  drawn  off  clear.  A  better 
modef  however,  and  the  one  now  usually  practised,  is  to 
diar  the  inside  of  the  cask,  by  which  putridity  is  entire- 
ly prevented.  Malt  liquor,  by  being  mixed  with  char- 
coaly  is  also  deprived  of  its  colour,  and  the  disagreeable 
flavour  it  usually  has  when  recently  prepared.  Putrid 
animal  matter  likewise  loses  in  a  great  measure  its  unplea* 
ant  taste  and  odour,  by  rubbing  it  with  charcoal  pow- 
der,  and  allowing  it  to  remain  on  it  for  some  time.  For 
the  aocceas  of  these  difierent  processes,  the  charcoal 
ought  to  be  newly  made ;  or  if  it  has  been  kept  for 
some  time,  it  must  be  exposed  to  a  red  heat,  and  exclud- 
ed from  the  air  till  cold.  For  some  of  them,  particular- 
ly for  removing  colour,  animal  charcoal  is  prefeiTed. 
That  sold  under  the  name  of  ivofy  blackings  procured  by 
exposing  ivory  or  bone  to  heat,  is  generally  employed. 

This  property  is  valuable  to  chemists,  as  it  enables 
them  to  decolorise  fluids,  and  thus  to  observe  the  colour 
of  precipitates  formed  in  them.  All  that  is  necessary,  is 
to  shake  the  fluid  and  charcoal  together,  for  some  time, 
and  then  throw  them  on  a  filter.  If  the  fluid  should  not 
pass  through  colourless,  it  must  be  returned,  and  the  fil- 
tratioQ  repeated,  till  the  colour  is  destroyed,  or  till  there 
does  not  seem  to  be  any  farther  action. 

The  atomic  weight  of  carbon  is  7.5. 

Chorooal  la  a  very  bad  conductor  of  heat,  a  small  piece 
of  it,  though  one  end  is  in  a  state  of  combustion,  may  be 
held  in  the  hand  with  impunity.  When  heated  in  close 
vessels,  a  litde  gaseous  matter  is  given  ofi*,  which  is  a 
mixture  of  gaaes  containing  carbon,  in  union  with  oxigen, 
and  hydrogen,  but  the  emission  of  them  soon  ceases. 
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These,  it  has  been  already  said,  arc  foreign,  and  are  d^ 
rived  from  the  decomposition  of  moisture.  After  thi^ 
the  carbon  is  left  pure,  with  the  exception  of  the  salihfe 
matter,  and  does  not  undergo  any  farther  change,  evedi 
though  exposed  to  the  most  intense  heat  which  has  yet 
been  excited.  Though  carbon  cannot  be  fused  by  heat^ 
yet  experiments  have  been  performed,  from  which  it  ajl- 
pears,  that  it  has  been  actually  converted  into  vapouif ; 
but  as  this  was  effected  by  galvatiism,  they  will  be  de- 
scribed under  that  subject.  Carbon,  also,  when  it  enters 
into  union  with  other  bodies,  assumes  the  vaporific  state, 
and  some  of  its  gaseous  compounds,  during  decomposi- 
tion, deposit  it  almost  in  a  crystalline  form.  Thus,  iik 
the  preparation  of  coal  gas,  which  contains  carbon  as  cm^ 
of  its  ingredients,  there  is  often  found  a  sort  of  crystal- 
line matter  in  the  retorts,  and  which  is  pure  carbon  :  and 
the  same  is  the  case  when  coal  gas  is  decomposed  by  me- 
.  tals,  as  in  the  patent  process  of  making  steel ;  by  passio^ 
the  gas  over  iron,  a  beautiful  crystalline  matter  is  fre- 
quetitly  observed  in  the  tube,  and  which  has  also  been 
found  to  be  pure  carbon,  so  that  it  must  have  bcfen  set 
free  from  the  gas,  in  a  state  of  vapour,  (An.  of  Phil. 
July  1826.) 

When  charcoal  is  heated  in  air,  it  butns,  and,  if  well 
prepared,  without  flame,  but  as  usually  procured,  it  at 
first  gives  a  blue  flame,  which,  however,  soon  ceases. 
After  the  combustion,  there  remains  a  small  quantity  of 
white  ashes,  consisting  of  saline  and  earthy  matter. 

Charcoal  burns  with  great  brilliancy  in  oxigen  gasf 
emitting  beautiful  sparks.  This  experiment  may  be  per- 
formed, by  putting  into  a  copper  cup  a  few  pieces  of  chaf- 
coal  previously  kindled,  and  having  placed  it  on  a  bent 
wire  suspended  from  a  plate  of  sheet  iron,  immersing  it 
into  a  vase  of  the  gas.  If  the  charcoal  can  be  got  with 
bark  on  it,  the  effect  is  more  brilliant.  The  combustion 
of  carbon  by  oxigen  is  also  well  illustrated  by  driving  ft 
stream  of  the  gas  against  the  end  of  a  piece  of  charcoal, 
making  it  at  first  pass  through  the  flame  of  a  candle  to  set 
the  charcoal  on  fire. 
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In  all  of  these  experiments  the  propertieB  of  tihe  air 
and  oxigen  are  destroyed,  a  taper  put  into  the  residual 
gaa  being  instandj  extinguished.  This  case  of  com- 
bastioD  Offers,  however,  from  those  already  mentioned. 
These  cause  a  ^minutiofi  of  the  air,  whereas  in  this, 
provided  the  substances  are  pure,  there  is  no  change  in 
bulk ;  and  that  it  is  so,  is  shewn  hy  having  recourse  to 
tlie  bladdered  apparatus,  (p.  176.)  If  the  jar  be  filled  with 
oxigen,  and  placed  orer  a  -cup  with  burning  charcoal^ 
the  combustion  continues,  but  thet^e  is  no  rise  of  the  w&- 
ter,  proving  Aat  there  is  no  diminution ;  and  this  is  ow- 
ing to  the  generation  of  a  gaseous  compound,  occupying 
the  same  volume  as  the  oxigen  consumed  in  its  formation, 
and  which  is  called  earbanic  iBeid. 

Aa  a  greftt  -deal  of  reasoning  with  respect  tx>  the  com- 
poaitioa  nf  bodies  depends  on  an  accurate  knowledge  of 
^  conititution  of  this  body,  ft  has  engi^ed  the  atten- 
tioD  of  many  distinguished  chend^s.  Lavoisier  was  the 
first  who  pointed  out  its  composition,  and  endeavoured 
to  aaceFtaili  iiie  proportion  of  its  component  parts.  In 
one  experiment  in  which  charcoal  was  burned  in  oxigen, 
using  every  precaution  so  as  to  have  them  pure,  he  in- 
itaeif  frcan  the  quantities  consumed,  and  the  weight  of 
the  product,  that  th^y  had  united  in  the  ratio  of '71.11 
of  the  latter,  to  S8.89  of  the  tbtmer.  Clement  and 
Deaormes  afterwards  repeated  the  experiment  of  Lavoi- 
sier, varying  a  little  the  ^nanipuiation,  by  inflaming  the 
carhop  in  oxigen  by  means  of  a  lens.  They  fixed  the 
proportions  at  71 .4  to  li8.6,  a  conclusion  ccmfirmed  by 
l^inunmt,  and  by  Allen  and  Pepys. 

As  carbonic  add  is  of  the  same  volume  as  the  oxigen 
onplojed  in  its  formation,  lihis  afibrds  us  another,  and 
perhaps  more  satisfiu^lMy  method  of  ascertaining  the  pro- 
portion of  its  ingredients^  because  the  former  must  be 
heavier  than  the  latter^  by  the  weight  of  the  carbon 
widi  which  the  latter  has  united  so  as  to  form  it ;  we 
have  therefore  merely  to  deduct  the  specific  gravity  of 
oxigen  from  that  ^  the  acid,  and  the  residue  is  the 
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weight  of  the  carbon.     The  specific  gravity  q(  the  acid 
is  1527.7,  of  the  oxigen  1111.1,  and 

1537.7  —  1111.1  =  4ia6 
so  that  they  are  in  the  ratio  of  1111.1  to.4il6.6,   and  as 

1587.7  :  1111.1  : :  100  :  72.75        , 
SO  that  by  this  way  the  proportions  are 

Carbon  27.25. 

Oxigen  7«.75.  ,,. 

Again,  as  27.25  :  72.75  : :  7.5  :  20 .  .  , ,,  ^ 
so  that  it  is  composed  of  ,  > .    .. 

1  atom  of  carbon,  7-5 

2  atoms  of  oxigen,  20.         ^    .  ,  i.  ^ 


and  its  atomic  weight  i3 .  ^7f5  ,  . 
As  4i6.6is  tbeweigl^tof  carbon  in  15^7^7,  f^.iuurjbyi^ 
acid,  supposing  the  carbon  to  be  gaseous,  416.|^  must  re- 
present its  spe<4iUr.^ayity,  so  that,  in  another  point  <^ 
view,  we  may  cobaider  the  acid  to  con^t  of    ^     ,-,],. 

.Vol.  "     ^      VoL  ' 

Carbon  £ras,  17,        i  .  "      - * 

r\  '  1    c  condensed  in,tQ  l«.    ...  p 

Oxigen  gas,  13  -^  1    .»  1 

The  properties  of  cdrbcmic  acid  wiB  be  giveh  uniiyr 
the  class  of  acids.  ■     '  ■      .-  .-r 

Carbon  and  oxigen  unite  in  oth^r  proportions,  andibhan 
a  gaseous  compound,  which,  as  it  hats^ndt'kcid  propertteff, 
is  called  .      .  :i..i. 

Cabaohic  Oxioi  ,  .  .'  w  .i{ 

'  '     ■"  '        •-.  •.  mi^*  •'i: 

It  was  first  discovered  by  Friestley,  though  l^c;  didrDf^ 

ascertain  its.n^tura.  Cruick^l^k  wa§  t^e^jfir^t^;^]^ 
pointed  out  its  composition  and  qualitiesr  ...  .  t .  ukH 
It  cannot  be  obtained  by  the  direct  combination  .^j^.^ 
ingrediept^,  but  it  may  be  procured  by  the  decoippp^ 
tion  of  .carbonic  acid ;  and  fdl  tbi^t  is  necessary  is  tp.^i^y 
ject  it  to  the  action  of  a  substance  which  will,  deprive  i)L 
of  part  of  its  oxigen,  as  iron  or  charcoal.  For  this  pur- 
pose, having  stuffed  the  tube  (see  Cut^  p.  188,)  with 
charcoal,  and  brought  it  to  a  red  heat,  some  pieces  of 
chalk  are  put  into  the  retort,  and  muriatic  acid  pour- 
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ed  on  them,  by  which  carbonic  acid  is  disengaged,  and 
passing  through  the  tube  is  decomposed  by  the  charcoal, 
which  deprives  it  of  an  atom  of  oxigen  to  form  carbonic 
(NLid,  while  by  losing  oxigen  it  also  becomes  oxid,  which 
passes  off  in  ihe  state  of  gas,  and  may  be  collected  in  the 
jar,  but  as  some  of  the  add  escapes-  deolemiposition,  it 
is  necessary  to  have  the  trough  filled  with  lime-water, 
which  will  absorb  it  and  leave  the  oxid  pure. 

Carbonic  oxid  is  a  transparent  colourless  gas,  of  speci- 
fic gravity,  according  to  Thomson  9T2,  100  inches  Weigh- 
ing 99*65  grains.  Its  atomic  weight  is  17.5.  It  is  unfit 
for  the  support  of  respiration.  It  is  sparingly  absorbed 
by  water.  When  heated  in  contact  with  air,  it  bums 
with  a  blue  lambent  flame,  and  during  its  combustion 
fiirms  carbonic  acid.  When  mixed  with  axigeti  and 
heated,  it  is  exploded,  and  also  forms  car- 


axU^ 


aild 


bonic  add,  the  proper  proportions  being  two  _ 
of  oxid  to  one  of  oxigen,  and  they  may  ^ 
be  fired  either  by  electricity  or  by  heat : 
The  product  is  two  volumes  of  carbonic  acid.  From 
this  experiment  we  are  enabled  to  fix  the  proportions  of 
its  ingredients.  As  carbonic  acid  contains  its  own  vo- 
Inme  of  oxigen,  the  two  formed  in  this  experiment  must 
coDtain  two,  but  one  has  been  added  to  cause  the  explo- 
aoD,  the  other  must  have  been  derived  from  the  oxid,  so 
that  two  contain  only  one,  in  other  words,  it  has  half 
its  volume  of  oxigen.  But  again,  carbonic  acid  contains 
its  own  volume  of  carbon  gas,  so  that  the  two  formed 
must  contHih  two,  and  which  have  been  got  from  the 
oxid,  so  that  each  volume  contains  one  of  carbon  gas,  and 
half  of  oxigen  gas,  condens^  into  one ;  it  has,  therefore, 
keeping  the  carbon  the  same  in  both,  jtist  half  the  qUan- 
dtJT'of  oxigen  that  exists  in  the.  add.  The  proportions 
of  the  add  have  been  stated  to  be  1111  to  416,  so  that  in 
the  oxid  they  are  555  to  416. 

And  as  555 :  416  \ :  57.14 :  42.86, 
so  that  the  oompohent  parts  are, 

Carbon      42.86 
Oxigen      67.14 
p2 
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Agdn,  t«42^:67.14::7^:lQ^       . 
flo  that  it  is  compoted  of 

1  atom  of  carbon    7.5 
1  atom  of  oxigen  10. 

and  its  atomic  weight  is  17.5 

As  the  eKplosion  by  electricity  shews  that  it  is  oooi- 
posed  of  one  volume  of  carbon  gas^  and  half  a  Tolume  of 
oxigen,  together  making  one,  its  specific  gravity  miiat  be 
half  that  of  oxigen  added  to  that  of  carbon  gas  i- 

655^  +  416.6=^972.2. 

Carbonic  oxid  is  decomposed  by  hydrogen,  when  pass- 
ed through  an  incandescent  tube,  water  and  carbon  being 
formed. 

Carbonic  oxid  explodes  also  with  nitrous  oxid,  h^ 
means  of  electricity.  Using  S  volumes  of  eaeh,  the  prd- 
ducts  are  S  volumes  of  carbonic  add,  and  S  voltunea  df 
nitrbgen.  Now,  as  nitrous  oxid  is  composed  of  A  v«k 
lumes  of  nitrogen,  and  1  of  oxigen,  condensed  into  1^ 
this  shews  that  carbonic  oxid  contains  also  half  its  hdSk 
of  oxigen,  one  being  derived  from  each,  to  form  the.iwb 
of  carbonic  acid. 

If  we  consider  carbonic  oxid  as  composed  of  an  atom 
of  each  of  its  ingredients,  and  that  it  contains  1  vohm 
of  oxigen,  and  2  of  carbon  vapour,  the  atom  of  the  £ab- 
mer  being,  represented  by  1  volume,  that  of  the  latter 
must  be  represented  by  S  volumes ;  and  it  is  of  impoli. 
tance  to  keep  this  in  view,  in  enabling  us  to  fix  the  pvok* 
portions  of  the  ingredients,  and  the  atomic  weights  of 
its  other  compounds. 

Carbonic  oxid  is  not  put  to  any  use. 

Carbon  unites  with  hydrogen  in  difierent  propordoosi 
and  forms  compounds  possessed  of  difi*erent  properties. 
With  two  of  these  we  have  been  long  acquainted,  th» 
others  have  been  but  lately  discovered,  and  some  of  thea* 
though  there  is  every  reason  to  believe  their  existence^ 
have  not  yet  been  procured  in  their  separate  state.  The 
two  first  mentioned  are  carburetted  lydrogen  and  olefiant 
gas. 
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It  was  at  one  time  supposed,  tbat  the  eompounds  of 
aurbon  and  hydrogen  contauied  oxigeiQ,  and  that  all  of 
these  ingredients  entered  into  union,  in  different  propor- 
tioiis,  and  formed  substances  possessed  of  properties  es- 
mtiallj  different.  The  experiments  of  Dalton^  Henry, 
Davy,  and  others,  have  howev^  sheirBf  not  only  that 
osigen  does  not  exist  in  them,  but  that,  as  in  other  com- 
poandfl!,  the  proportions  of  hydrogen  and  carbon  are  fix* 
ed ;  «ad  that  thh  is  the  case,  will  appear  evident  from 
the  detail  of  their .  pxoperties. 

HrnBoaiTfiET  of  Cabbok,  o&  Oj.£Fiant  Gas* 

Twis  gas  was  discovered  by  the  associated  Dutch  che- 
mista  in  1798 ;  and  it  has  since  been  examined  more  ac- 
(■raftely,  and  its  true  nature  pointed  out,  by  Dalton, 
Smmaurcy  and  Thomson. 

It  cannot  be  procured  by  the  direct  comUnation  of  its 
iigrwBenfs ;  we  are  therefore  under  the  necessity  of  hav- 
ing recourse  to  decomposition.  The  substances  usually 
CBiployed  in  its  preparation,  are  oil  of  vitriol,  and  spirit 
cf  wine,  which  are  merely  placed  in  a  retort,  and  heated 
by  means  of  a  lamp,  by  which  a  gaseous  fluid  is  given 
qS^  and  which  is  olefiant  gas,  with  a  slight  admixture  of 
carbonic  add,  but  from  which  it  is  freed  by  collecting  it 
in  a  lime  water  trough.     C^^^  AkchoL) 

Olefiant  gas  is  transparent  and  colourless  ;  hence  invi- 
■ble  Its  specific  gravity  has  been  differently  stated  by 
authors.  According  to  the  Dutch  chemists,  who  disco- 
leied  it,  it  is  909)  while  Henry  makes  it  967,  and  Saus- 
sure  985.  Dr  Thomson,  however,  considers  it  to  be  972, 
100  inches  weighing  29.65  grains.  Its  atomic  weight  is 
&7& 

When  eleetric  sparks  are  passed  through  it,  it  is  de- 
oamposed ;  carbon  is  deposited,  and  a  gaseous  fluid  is 
Canned,  occupying  exactly  twice  the  volume  of  the  ole- 
fiant gas,  and  which  is  pure  hydrogen ;  from  which  it  is 
evident  that  each  volume  contains  two  of  hydrogen,  com- 
pMBBod  into  one. 

When  heated  in  contact  with  air,  it  bums  with  a  bright 
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\vhito  flame,  and  by  ^hich  it  if  easily  distinguished  from 
uU  other  gases.  The  products  are  carbonic  acid  and 
water. 

When  mixed  with  oxigen  and  heated,  or  by  the-  trans- 
inission  of  electricity,  it  explodes,  the  proper  proportions 
Iteing  1  of  gas  to  3  of  oxigen ;  and 
by  this  experiment  we  are  enabled 
to  fix  the  proportion  of  its*  ingre- 
dients :  &  ol  oxigen,  and  1  of  olefi* 


ol 
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3 


antv- form,  by  explofiion,  %  volumes  of  carbonic  acid ;  the 
only  other  product  is  water.  Now,  as  carbonic  acid  con- 
tains its  own  bulk  of  oxigen,  S  of  this  gas  must  have 
been  consumed  in  the  formation  of  the  2  of  acid,  the 
i^emaiuing  1  must  therefore  have  united  with  the.  hydro- 
gen to  form  water ;  but  1  of  oxigen  unites  with  %  at 
hydrogen,  so  that  in  1  of  olefiant  there  are  two  of  hy* 
dnegcni  /If,  tben^  we  deduct  twice  the  specific  gravity  of 
hydrogen  from  that  of  olefiant,  the  remainder  will  be  tbe^ 
weight  of  the  carbon. 

972.2  — 138.8  =  833.4,  and 
1 38.8 :  883.4 ::  14.85 1  86.65, 
and  as  14.35 :  86.65 : :  1.26 :  7.4, 
Miffident  to  prove  that  it  is  a  compound  of  =    * 

1  atom  of  carbon      7.5  ' 

1  atom  of  hydrogen  1.25 

And  hence  its  atomic  weight,      8.75 

C-arl)onic  acid,  it  has  been  already  proved,  contains  Us 
ciwn  volume  of  carbon  vapour,  so  that  if  1  of  olefiant,  by 
explosion,  yields  2  of  acid,  it  must  contain  2  of  carhm 
itindensed  into  1. 

Olefiant  gas,  when  heated  with  nitric  oxid,  is  exploded, 
I  of  the  former  requiring  6  of  the  latter,  and  the  pro- 
ducts are,  3  of  nitrogen,  2  of  carbonic  acid,  and  water.* 
Now,  as  nitric  oxid  is  composed  of  equal  volumes  of  oxU. 
L^t^n  and  nitrogen,  united  without  condensation,  the  6  musl 
ciiiitain  3  of  the  former,  2  of  which  must  have  gone  to 
lurui  earlKMiic  acid,  and  tho  remaining  1  water ;  so  that 
Ucr^  again  the  composition  of  olefiant  gas  is  proved  to 


CABBURETTBD  HYDROGEN.  S81 

be  S  of  the  vapour  of  carbon,  and  2  of  hydrogen^  com- 
pressed Into' 1';'  and  here,  also,  as  there  are  ft  of  hydro- 
gen, and  X  of  carbon  vapour,  it  is  evident  that  it  contains 
ao'iltoitf  tf  tech,  tke^atoms  of  each  being  represented  by 
*  'VwtniitM*  *■'■■.■■■ 

Since -jihia  is  the  case,  itsjpecific  gra^y  must  be, 
8^^.  fa^%d.  y  S  4-'  Bp«  gr.  carbon  vapour  X  S ; 

\         \  L^*m6x»  +  6&.4x»a^9nft^  r\ 

Tlieptopferty  from  which  olefiaoit  gas  has  derived  its 
nafeie^  iB  that  of  forming  an  oily^looking  fluid'  iwithi  chlo^ 
litfej  ranarkied  by  the  Dutch  chemists  who'difijcov^red/it« 
(S^eCkhrine.) 


If 


fiilSfrDROGUBET  OF  Caebok,  on'CAMtm^Ttiter 

Hybbogsk. 


''  CAiiMmErtED  Hydeogek  was  first  examined  by  Priest, 
ky^  and  ^erwaords  by  Cavendish,  and  it  has  lately  been 
made  the  subject  of  investigation  by  Dalton,  Thomson, 
and  Davy. 

It  cannot  be  procured  fay  .the  direct  combination  of  its 
ingredients,  but  it  is.easily  obtained  by  other  means,  per^ 
haps  the  most  simple  of  which  is,  by  the  decomposition 
of  water.  AU  that  is  necessary,  is  to  pass  its  vapour  over 
red  hot  charcoaL.  For  this  purpose,  having  stuffed  an 
earthenware  tube  with  charcoal,  (Cuty  p.  138.^  it  is 
brought  to  a  red  l&^t,  by  passing  it  through  a  chauffer 
ortfumaee ;  and  wh^nthis  is  done,  the  water  in  the  retort 
iaiiuHb  ta  botl,'  by' which  the  vapour  flows  thmnigh  the 
tabi^  and  ii( 'deocmposed ;  the  hydrogen  unites  witb  part 
of  the  carbon  to  form  carburetted  hydrogen^  while  the 
oi^cak^ithefodier  ingredient,  is  oombided  ¥rith  •  the  re- 
nudnder^  ^to  form  carbonic  acid.  These  come  off  toge- 
tfaer^  -aiid'  m«jrbe  collected  in  the  jar,  or  a  gas-holder 
nay  be  filled' with  it,  by  puttipg  the  mouth  of  the  tube 
iito  it:>  To  remove  the  carbonic  acid,  it  is  merely  neces- 
sary  tahave:  the  jars,  >  0t  the  gaa-hcdder,  filled  with  lime 
waiter,  •  the  lime  of  which  unites  with  it,  so  that  the  car* 


%v»«P^  "VB--^  « 
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w«  ^  vImis  ^  pore.     It  may  aljBo  be  got 
«&  ^«^  M  afterwards:  noticed. 
.'««.^««^«v  ^»m>»iyapi  jgas  in  trangparent  and  oolour* 
Nc^      <^  ^  "^aiMr  9«inK  destitute  at  smell ;-  but  as  iiaual- 
^^^;.u>    «    >«Jfr  A  faint  peculiar  odour.     It  is  much 
t..^^  .'hM  >b^  V  $M  tta  speeific  gravity  has  been  dxflbr- 
.    >^ju^v.       Vctvftttng  to  the  latest  experiments  of 
sx.cv-i^  i  *  JSS*  100  inches  weighing  16.92. 
•^a^u  .-ttxc^HT  4fark8  are  passed  through  it,  carbon  is 
4.  ttiJ  pure  hydrogen  is  left,  occupying  exactly 
&iiir  ^UtHue  of  the  carburetted  hydrogen,  and  which 
.^<«^  .tHii^<V>r«s  that,  bulk  for  bulk,  there  is  the  saat 
,^M.au<>  y»^*  hydrogen  in  this  as  in  olefiant  gas. 

^Wtaii  tNuled  in  air,  it  burns  with  a  pale  reddidi  ttame, 

K   ^^wiucis  iH'ing  water  and  carbonic  acid.     If  it  be 

v..\sv«  ^td^  axigen,  and  heated,  or  electric  sparks  passed 

4iv4l^  it>  it  is  exploded,  the  proper 


ch 
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•tiMyiKiK»M9  being  2  of  oxigen  to  1  of 
y^v(  ,MKt  during  the  explosion,   1  of  \tt4uH' 

^y^^^ii%i  (UJd  is  formed.  We  are  thus 
,>«iAd)K^  l\>  fix  the  proportions  of  its  ingredients.  It  has 
)^M  ^tidy  mentioned,  that  by  electricity  it  Is  nhem 
^■^  ^MMin  the  same  quantity  of  hydrogen  as  olefiafnt  gM  | 
^^  I  v<4unie  of  the  latter  yields  2  et  carbonic  aeiij^ 
%lb««\Hi»  1  of  this  yields  only  1-,  so  that  it  mtist  hMe 
v^v  IwUf  the  quantity  cft  carbon,  or,  which  is  the  satte 
ll^i^  twu^e  as  much  hydrogen.  OiefiaHf  gas,  it  has 
1^^^  already  shewn,  is  composed  of  atom  to  ato^i ;  oar« 
l^tr\ilctl  hythx>gen  must  therefore  be  a*  componnd  of 
1  atom  of  carbottj  -         7.5 

A  atoms  of  hydrogen,  2:6 


artd  its  Atomic  weight  is  10. 
\ml  that  this  h  its  at'cmic  composition,  is  evidett^,  forav 
ii  ^Huitaiui  1  volume  of  carbon^  and  2  of  hydmgen,  bti(? 
I  ho  atom  of  thd  former  is  represt?nted  by  2  Tolnmes,  the 
hvtlrogon  ffltwt  be-  4  rohimes,  that  is,  2  atoms  ;  and  henee 
'Ihonisoii  IttLS  prtJposed  to  call  the  fdrmer  hydrogui^y 
m\k\  the  Ittttcr  bi-hydrogurct  of  carbon.     As  it  contain! 
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ft  of  Y^ivBgea^  and  1  of  carbon  yapour,  condensed  into  1^ 
ito-ffpecifie  gravity  must  be 

6&x9  +  416.6  rzs^&Sff. 

It  is  remarkable,  that  though  carburetted  hydrog^  is 
easily  inflamed  when  heated  in  contact  with  air,  yet  it 
cannot  be  kindled  if  it  be  mixed  with  an  equal  bulk  of  it, 
er  even  if  it  be  between  that  and  l-6th.  From  this  to 
1-lSth  it  is  easOy  exploded. 

Water  abscnrbs  about  l-27th  of  its  bulk  of  it 
*  Carburetted  hydrogen  is  an  abundant  produetion  of 
Bitue.  It  is  emitted  ciqpkyusly  from  stagnant  poo^  and 
Hay  be  easily  ooUected,  by  inverting  a  jav,  and  stirring 
fte  pool,  by  which  a  gaseous  matter  is  given  ofi^  centain. 
i^g  carboT€tted  hydrogen  and  carbonic  add,  from  the 
latter  of  which  it  may  be  freed,  by  washing  with  lime 
water. 

It  is  also  emitted  from  coal  in  coal  mines,  through  the 
ddnka  of  whkh  it  issues,  in  some  in  great  abundance, 
and  as  it  is  lighter  than  atmospheric  air,  it  ascends, 
mixing  with  it  as  it  rises.  As  it  increases  in  quantity,,  it 
gradually  occupies  more  and  more  of  the  mine,  till  it 
reaches  the  lights  used  by  the  miners,  by  whidtit  is  in- 
flamed,  and  from  the  immense  quantity  of  it,^  it  explodes 
#Mt  tremendous  violence,  and  produces  the  most  dread- 
M'consequencesk  The  discovery  of  a  means  of  prevent- 
ing  this  evil,  for  many  years  occupied  the  atteadon  ol  se- 
veral distinguished  philosophers,  but  without  suocess. 
Attempts  were  made  to  ventilate  mines  thoroughly,  in 
the  hopes  that,  by  keeping  up  a  constant  change  af  air, 
die  inflammable  gas  might  in  a  great  measure  be  carried 
airay.  When  this  eould  not  be  done,  miners  used  ooca- 
rfoiudly  tor  set  fire  to  the  gas,  before  much  of  it  was  col. 
tected  ;  td  the  same  time,  the  person  who  kindled  it  stood 
hr  water,  and  the  mometit  he  thrust  the  candle  into  it,  he 
plunged  under  the  fluid.  By  these  means,  the  dreadful 
consequences  of  the  explosion  were  in  a  great  measure 
|»ervenled«  I'here  was  stilly  however,  cause  to  regret, 
that  they  occiteionalty  occurred,  perhaps  from  the  care- 
leuness  of  die  workmen,  or  from  the  greater  enttMon'  of 
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gas  at  one  time  than  another.  We  can  now,  however,  boast 
of  a  preventive  of  these  fatal  explosions,  in  the  safetj 
lamp  of  Davy,  which  has  been  proved,  bj  the  mofit  an^ 
pie  trials,  to  avert  completely  the  danger  arising  ftom 
using  lights  in  coal  mines,  even  though  abounding  yriih 
an  explosive  mixture.  .... 

In  his  experiments,  made  with  a  view  to  ascertain.  Jiow 
to  prevent  explosion  in  mines,  Dayy  discovered  that 
flame  would  not  pass  through  v^ry  small  tubes  of  .glafs* 
orl  metals  nor.  through  very  fiujs  wire  gaifze.  ,  9e  there- 
fore concluded,  that  to  light  mines,  in  which  there  is  4 
collectidn  of  inflammable  gas,  it  is  merely  necessary  tp 
hayealamp  so  formed,  that  the.  air  requisite  for  the 
combustion  should  enter  through  minute  apertures..  ,  In 
the  first  he  employed,  the  air  was  allowed  to  pa^p 
through  a  piece  of  wire  gauze,  placed  at  the  bottom,- tlie 
flame,  as  usual,  bein^^  surrounded  by  glass  or  hpm^  He 
afterwards  found,  however,  that  if  a  lamp,  surroiunded 
on  all  sides  by  wire  gauze,  be .  put  into  an  inflammi|i))k 
mixture^  the  air  necessary  for  the  coipbustioi^  ,/^nter% 
through  the  holes  of  the  gauee,  takii^  along  witl)  it^^tli^ 
inflammalble  gas,  which  is  also.consiuned,  but  the  flamei 
does  not  communicate  to  the  e;i:plosive  mixturie.wj^bottti. 
The  lamp  was  therefore  constructed  in  this  way.  AAw 
being  IrindWd^  it  was  exposed  to  a  mixture  of  air  .and 
carbttretted  hydrogen  in  a  mine^  which,  passing  thrpii^ 
the  gauze,  was  kindled  by  the  flame  of  the  lamp,  aod 
burned ;  and  as  there  was  a  constant  renewal  of;  -it,  ikA  . 
only  light  was  thus  aflbrded,  but  the  destructive  elen^eatf  1 
the  carburetted  hydrogen,  was  itself  consumed.  WJ^en.r 
the  gas  is  mixed  with  about  IS  of  air,  the  flame  of.  tl^ 
lamp  continues  within  that  of  the  gas ;  but  when  tb^re . 
is  only  about  7  of  air,  the  flame  of  the  wick  is  extinguish- 
ed, but  that  of  the  gas  continues,  and  thus  also  affords 
light,  which,  though  feeble,  is  sufficient  for  some  pu|r- 
poses. 

Though  wire  gauze  is  thus  a  preventive  to  the  passage 
of  flame,  yet,  should  the  wire  become  red  hot,  provided 
it  be  of  sufficient  thickness,  it  may  set  fir^  to  the  gas.     It 
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ii  oecessary,  therefore,  to  have  it  of  the  requisite  size ; 
■bout  the  l-40tb,  or  l-60th  of  an  inch,  is  found  to  be  the 
bnt ;  and  to  prevent  any  danger  arising  from  the  over- 
beatnig  of  the  wire,  as  that  above  the  flame  of  the  wick  is 
tte  only  part  likely  to  becouie  bo,  the  gauze  base  double 
top;  ao  that,  should  that  immediately  over  the  flame 
becfatiie  red  hot,  it  will  explode  the  gas  above  it,  or  that 
bAween  the  inner  and  outer  top.  A  is  the 
Itftp,  with  its  flame,  B.  C  is  the  cylinder  of 
gauze,'  terminating  with  a  top  at  D ;  and  over 
tikis  is  another  cylinder,  E,  coming  down 
oterC,  about  an  inch.  There  must  also  be 
it  leait  s  certain  number  of  holes  in  the  I 
iqilare  inch ;  from  £00  to  600  have  been 
Ibainl  to  anawer  best 

That  there  is  no  danger  in  potting  this  lamp  into  an 
ex^ilcMive  mixture  of  air  and  carburetted  hydrogen,  may 
hie  esnty  shewn  on  a  small  scale.  Having  filled  a  gas. 
holder  with  the  gas,  the  flexible  tube, 
A,  coming  from  it,  must  be  passed 
thtbugh  a  hole  in  a  stool,  B,  and  over 
lids  is  to  be  placed  a  glass,  C,  open  a~ 
btfve  and  below,  in  which  the  lamp  is  sus- 
praded,  the  upper  aperture  being  o 
eA'with  a  piece  of  paper  or  cloth.  On 
npming  the  oock,  so  as  to  allow  the  gas 
t^'fcv  in  very  gradually,  it  displaces  a 
pM  of  the  atmospheric  air,  so  that  there  is  an  explosive 
adxtore  in  the  jar,  which  is  constantly  passing  into  the 
lamp  through  the  holes  in  the  gauze,  by  which  the  com- 
bustion is  kept  up,  and,  as  the  mixture  is  consumed,  the 
j0  being  open  below,  there  is  a  constant  admission  of  air, 
to  be  mixed  with  the  gas  coming  from  the  pipe.  In  this 
eiperiment,  when  the  air  is  in  considerable  quantity,  the 
flame  of  the  lamp  is  seen  within  that  of  the  gas  with 
which  the  cylinder  of  gauze  is  filled ;  but  when  the  air 
diahdshes,  the  former  is  extinguished,  but  the  latter  con< 
tinuca  as  long  as  the  proper  proportions  can  be  kept  up, 
afibrding  a  beautiful  flame  within  the  gauze,  and  which 
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does  not  pass  throu^  to  the  expk>«i¥e  mixture  by  wliich 
die  lamp  is  surrounded. 

That  wire  gauze  is  a  prevoAtive  to  the  passage  of 
flame,  may  be  shewn  still  more  easily.  If  we  set  fire  to 
a  jet  of  gas,  and  hold  a  piece  of  gauze  over  it^  the  flame 
is  seen  only  below,  provided  we  do  not  keep  the  same 
part  always  over  the  pipe,  for,  in  this  pase^  the  wire  be* 
comes  red  hot,  and  kindles  the  gas  above.  Or  if  a  jH  ct 
gas  be  allowed  to  pass  through  the  gauie^  and  be  kinAlrd 
above,  the  flame  does  not  eemmunicate  to  that  below. 

The  effect  of  wire  gauze  in  preventing  the  passa|;e  ef 
flame,  is  supposed  to  be  onmig  to  its  cooling  power.  Sir 
H.  Davy  considers  flame  as  gaseous  matter^  kept  in  m 
state  of  incandescence  by  the  high  temperature  generaA* 
ed  during  the  combustion,  and  which  he  conceives  to  be 
aibove  that  of  the  incandescence  of  solids^  cnnseqoently 
when  any  oool  object  ia  brought  near  it,  the  temperetofe 
is  so  much  reduced,  that  it  is  no  longer  luminous*  Hence^ 
when  the  gaseous  matter  passes  through  the  jaeshea'  ef 
gauze,  it  is  instantly  cooled  by  the  wire,  and  eveh  though. 
this  is  brought  to  a  red  heat,  it  is  not  sufficient  to  make 
it  luminous. 

The  other  compounds  of  carbon  and  hydrogen  will  fae 
described  when  detailing  the  method  of  manufacturing 
coal  gas. 

Carbon  and  nitrogen  may  be  made  to  enter  into  muon^ 
and  form  a  gaseous  fluid  discovered  by  Gay  Lussac,  andl 
to  which  he  gave  the  name  of  Cyanogen^  from  the  blue 
colour  of  some  of  its  compounds.  As  it  is  a  oompooad 
acidifiable  body,  it  wilt  be  described  under  that  clas& 

Carbon,  or,  more  prc^rly  speaking,  charcoal,  is  used 
abundantly  as  fud,  particularly  in  those  countries  where 
coal  cannot  be  procured.  It  serves  well  for  many  pui^ 
poses  in  which  smoke  and  flame  would  prove  injuiiovs:  • 
and  hence  its  use  in  chauffers  and  furnaces.  When  em- 
ployed in  stoves  in  apartments,  great  care  ought  to  be 
taken  to  have  a  free  ventilation,  for  though  there  ie  no 
smoke,  yet  it  vitiates  the  air  materially,  the  carbonic 
acid  generated  being  very  noxious  to  the  animal  sye* 
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toBy  mud  if  in  large  quaotitjr,  proving  fatal  when  hreathp- 
ad.  That  the  qualitief  of  the  air  are  changed  may  be 
AtmBf  fay  holding  a  jar^  open  at  both  ends,  over  achauf- 
fer  of  charcoal  fcxr  a  few  minutes ;  the  product  of  the 
combustion  rises  and  fills  it,  and  it,  after  removing  it,  and 
placing  a  plate  at  the  bottom^  a  lighted  taper  is  introduc- 
ed at  the  vpper  aperture^  it  is  instantly  extinguished. 

CJMinrosI  aa  nsed  in  the  manufacture  of  gunpowder, 
aai  gmt  care  is  now  taken  in  the;  preparation  of  it 
For  thia  fmrptme^  it  is  always  pvocu^  by  subjeeling 
wood  to  a  red  heat,  in  largpe  cast  iron  cylinder^. .  It  is 
vsed  alao  for  procuring  a&etals  in  the  reduction  pf  ores. 
It  18  Mad  instMd  of  pencila^  for  taking  sketches^  imy  in. 
aeeuni0f  being  casUy  rubbed  out,  and  for  this  purpose  it 
on|^  to  ba  prepared  from  willow,  which  affords  it  of  uni- 
fim  aoftncss.  When  employed  as  black  paint,  it  should  be 
■ade  from  ivory,  as  this  seems,  to  give  the  most  intense 
sad  dnrahle  black. 

!%•  substance  sold  under  the  name  of  lan^  blacky  is 
■srdly  the  soot  collected  during  the  burning  of  the  re- 
laaa  of  pitdif  or  tarry  matter.  A  very  fine  kind  of  char- 
coal mi^  also  be  procured,  by  holding  a  plate  in  the 
of  a  huap^  by  which  it  is  covered  with  soot^  which 
be  remov^,  -and  the  plate  again  held  in  the  some  si- 
tttatioO)  so  that,  by  repeating  the  process,  a  quantity  of 
it  asay  be  coUected*  When  the  charcoal  is  required  very 
pm^  as- for  some  of  the  finer  paints,  that  prepared  from 
ivory,  or  by  the  process  last  mentioned,  should  be  ^irash- 
ed  with  muriatic  acid,  or  weak  aquafortis,  by  which  the 
whole  of  the  impurities  are  removed.  Charcoal,  prepar- 
ed in  this  way,  is  employed  for  affording  Chioa  ink*  For 
Ihu  purpose,  6  parts  of  iacglass  are  dissolved  by  boiling 
in  li  «f  water;  1  of  Spanish  liquorioe  is  diasolved  in  !St 
of  wattf,  and  mixed  with  the  former,  with  which  one  of 
ivaty  blaekiag  is  to  be  intiinately  incorporated,  and  the 
whole  evaporated  to  the  proper  consistence. 

^nn  the  slowness  with  which  it  conducts  caloric,  it 
is  need  <sr  iining  the  insides  of  furnaces,  that  the  heat 
nay  be  retained  aa  much  as  possible.     For  this  purpoae 
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it  is  mixed  with  sand  and  clay,  with  which  the  fiimace 
is  lined,  the  lining  being  protected  from  the  action  of 
the  fire,  by  a  coating  of  clay.  With  the  same  view,  Tes*- 
sels  for  holding  warm  fluids  are  sometimes  double,  the 
interstice  being  filled  with  powdered  charcoaL 

It  has  been  already  mentioned,  that  charcoal  is  im4 
pure  carbon ;  it  exists,  however,  in  its  pure  atat^  in  dia- 
monds. Newton,  who  had  previously  shewn,  that: in- 
flammables have  a  powerful  efiect  in  refracting  hght^ 
concluded  that  diamond  contained  an  inflammable  ingre- 
dient, the  correctness  of  which  was  proved  in  1694, .  aad 
which  was  done  by  exposing  it  to  the  heat  of  the  ijcdar 
rays,  conc^trated  by  Tschemausen^s  powerful  leiuk  The 
inflammable  nature  of  diamond  was  afterwards  proved 
by  the  experiments  of  Lavoisier,  Tennant,  and  others,  fay 
whom  it  was  found  that  the  beat  of  a  furnace  was  suflb- 
cient  for  its  consumption.  Lavoisi^  first  shewed,  ibmX 
the  air  in  which  it  was  burned  contained  carbonic  aoid, 
a  fact  which,  though  at  first  sight  ccmsideredimprohahkv 
was  afterwards  proved  by  the  experiments  of  Allen  and 
Pepys,  and  of  Davy,  who  found,  not  only  that  carbonic 
acid  was  formed,  but  also  that  its  wdght  equalled  exaQt»- 
ly  that  of  the  diamond  consumed,  and  of  the  oxigea  lab^ 
stracted  from  the  air.  Carbon  exists  also  very  nearly 
pure,  in  plumbago,  or  black  lead,  which  has  been  found, 
besides  carbon,  to  contain  a  minute  quantity  of  .aroq* 
It  exists  also  in  great  abundance  in  the  animal  kingdom^ 
and  from  which  it  is  often  derived.  t  •. 
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Phosphoaus  was  discovered  in  1669»  by  Bcandtf-^^ 
German  chemist,  when  making  experiments  on  urine. 
Kunkel  afterwards  procured  it  from  the  same  fluid  in 
1674,  but  the  method  of  obtaining  it  was  not  made  pob> 
lie  till  the  French  government  purchased  the  secret, 
and  revealed  it 

The  process  followed  by  these  chemists  consisted  in 
evaporating  urine  to  dryness,  and  subjecting  the  residue 
to  a  red  heat.     Margraaf  afterwards  improved  it  by 
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miziiig  charooal  with  the .  urinary  residue,  by  whidi  the 
phoB[dMN:ui  was  more  easily  obtained ;  still,  however,  it  was 
tedious  and  offensive.  Scheele  shortly  afterwards  point- 
ed out  a  mode  of  proeuring  it  from  bones,  and  which, 
with  a  slight  modification,  is  still  practised.  (See  Phm-^ 
fkaie  tflJme,) 

Phosphorus  is  generally  in  the  form  of  small  cylinders. 
WheoTecently  prepared,  it  is  transparent  and  colourless, 
but  it  is  generally  of  a  pale  brownish  colour,  and  semi- 
transparent.  When  cold  it  is  brittle,  but  at  a  medium 
tempcnture  is  easily  cut  like  wax.  Its  specific  gravity 
is  about  1770  ;  its  atomic  weight  15. 

By  the  application  of  heat  it  is  fused,  the  fusing  point, 
acoording  to  Pelletier,  being  99,  but  according  to  Thorn- 
ion  108.  When  heated  in  close  vessels,  or  rather  in 
ftose  from  which  air  is  excluded,  it  evaporates  at  SI  9, 
but  it  does  not  boil  till  it  reaches  554.  When  fused, 
snd  allowed  to  oool  gradually,  it  puts  on  a  crystalline  ap- 
peamoe.  For  the  success  of  this  experiment  it  must  be 
melted  under  water,  and  then  allowed  to  cool  very  slow- 
ly, and  when  the  upper  part  is  congealed,  a  hole  is  made 
m  it,  and  the  unconsolidated  matter  poured  out.  The 
inside  will  then  present  a  beautiful  congeries  of  small 
bnt  well  formed  crystals. 

Light  acts  cm  phosphorus.  When  exposed  to  it,  it  ac^ 
qnives  a  white  crust  on  its  surface,  hence  the  necessity, 
when  we  wish  to  have  it  transparent,  to  keep  it  in  dark 
glass  or  earthen  bottles.  The  change  effected  is  owing 
to  the  decomposition  of  the  water,  in  which  it  is  always 
kept,  the  hydrogen  uniting  with  a  part  of  it  to  form  a  gas, 
the  prapertieB  of  which  will  be  immediately  described, 
the  oxigen  combining  with  another  part  to  form  an 
oxid  which  encrusts  it,  and  thus  destroys  the  transpa- 
rency. The  water  also  in  which  it  has  been  kept  be- 
comes luminous,  from  which  it  appears  that  phosphorus 
is  ^Nuringly  soluble  in  it. 

When  phosphorus  is  exposed  to  the  atmosphere,  it 
emits  a  peculiar  odour,  and  if  in  the  dark,  it  is  luminous, 
as  may  be  shown  by  placing  a  piece  of  it  in  a  jar  of  air. 
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or,  which  is  perhaps  «tiil  more  saliBfactorjf  by  xubhing  a 
sheet  of  paper  withitv.aiul  keeping  U  in  the  darkybjrwhiiA 
the  traces  become  visible.  In  these  cases  the  lumjaNM^ 
ness  is  owing  to  a  slow  combustion,  and  consequeM 
union  of  the  inflammable  with  the  ozi^^  of  the  'titr; 
and  that  it  is  so,  is  shewn  by  putting  a  cjlindi^  of  it  &ft 
ed  to  a  €ork»  into  a  jar  of  air^  inverted  over  water.  It 
is  luminous,  and  ia  the  course  of  a  few  hours  the  water 
rises,  occupyijaig  about  l^th  of  die  jar,  at  which  time  the 
luminoHsness  cea^s.  That  it  is  the  oxigen  that  is  rti' 
moved,  is  proved  by  introducing  into  the  residual  gas  a 
lighted  taper,  which  is  instantly  extinguished^ 

It  is  very  remarkable^  that  thoi^h  phos{Aorus  is  so 
easily  acted  on  by  air,  it  does  not  even  appear  luminoas 
in  oxigen  gas  at  a  natural  temperaiure ;  and  that  it  does 
not,  is  shewn  by  intrp^ncxng  it  into  a  jaf  similar  to  that 
used  in  the  last  expcfiment,  but  fuU  of  oxigen  gaa ;  'in^ 
deed,  it  is  not  only  not  luminous  in  the  daik,  bat  there 
is  no  diminution  of  the  gas  itself,  shewing  that  no  anlieB 
is  going  on* 

The  ease  with  which  phosphorus  is  acted  on  by  air,  is 
supposed  to  be  owing  to  the  nitrogen  dissolving  it,  and 
forming  an  elastic  compound,  which  gives  off  the  phca* 
phorus  to  the  oxigen ;  an  opinion  which  seema  strengthen* 
ed  by  the  fact,  that  if^  after  a  pieoe  of  phosphorus  has 
been  kept  in  nitrogen,  and  during  which  there  is  no 
emission  of  artificial  light,  a  little  oxigen  gas  be  intro- 
duced, the  luminousness  instantly  appears. 

When  phosphorus  is  healed  to  about  148  in  air,  it  ife 
set  on  fire  and  bums  with  a  bright  white  flame ;  and  ST 
the  experiment  be  performed  in  a  limited  quantity  of  air^ 
white  flakes  may  be  collected.  For  this  purpose,  set  fire 
to  a  piece  of  phosphcH-us  in  a  copper  dish,  and  instantly 
whelm  a  bell  glass  over  it ;  white  fumes  are  emitted^  and 
are  condensed  on  die  sides  of  the  jar.  If  more  pho^ 
phorus  be  used  than  there  is  air  to  serve  for  the  complete 
combustion,  a  reddish  matter  is  left  on  the  dish,  and 
which  it  has  been  supposed  is  an  oxid. 

When  phosphorus  is  heated  in  oxigen  gas,  it  is  easily 
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JnJOTii^^  and  bums  with  astoiddiing  splendour.  The 
tsperiineDt  maj  be  performed,  as  already  described,  (p. 
178.)  If  the  room  be  darkened,  the  effect  is  very  bril- 
Ikmt. 

By  the  union  of  phosphorus  with  oxigen,  different  com- 
pounds are  formed.  It  has  been  already  mentioned,  that 
when  kept  in  water,  it  is  encrusted  with  a  white  matter, 
supposed  to  be  an  oxid,  and  the  reddish  substance  left 
in  the  dish  during  its  combustion  in  air,  is  imagined  to 
be  of  a  similar  nature.  The  proportions  of  the  ingredi- 
ents  of  these  compounds  have  not  been  ascertained,  nor 
have  their  properties  been  investigated.  The  other 
coBipounda,  and  with  which  we  are  better  acquainted, 
ire  possessed  of  add  properties,  and  will  be  considered 
andev  that  class. 

Phosphorus  unites  with  different  proportions  of  hydro- 
gn,  and  forms  very  peculiar  compounds;  Hydrogen 
St  a  naturiU  temperature  slowly  dissolves  it,  as  is  evident 
Irnd  its  being  luminous  when  kept  in  it  in  the  dark.  If 
die  temperature  be  raised  to  about  400,  they  unite  and 
farm  a  gaseous  fluid,  long  known  by  the  name  of  phos- 
phuretted  hydrogen. 

Htbroguret  op  Phosj^horus,  or  Phosphturetted 

Hydrogen. 

This  gas  was  discovered  by  Gingembre  in  1783,  and 
sfterwards  by  Kirwan,  who  was  unacquainted  with  the 
previous  experiments  of  the  other.  It  has  since  been 
examined  by  Raymond)  Dalton,  and  Thomson,  the  last 
of  whom  has  proposed  to  Cdll  it  hydrogtwei  qf  phosphorus. 

It  is  never  prepared  for  experiment  by  the  direct 
union  of  its  ingredients.  It  is  in  general  obtained  by 
tl|e  decomposition  of  water  by  phosphorus  and  lime,  or 
potassa.  For  this  purpose,  having  filled  the  body  of  a 
small  tubulated  retort  with  a  thin  paste  of  lime  and  wa- 
ter, introduce  a  few  chips  of  phosphorus,  and  having 
plunged  the  neck  of  the  vessel  so  far  as  the  tubulature 
into  the  water   trough,  so  as  to  expel  the  air,  introduce 
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the  -Stopper,  and  carry  on  the  decomposition  in  the  usual 
way  by  the  application  of  heat  In  a  short  time  bubbles 
of  gas  come  orer,  and  may  be  coUeoted  in  jars,  the  wap 
ter  undergoing  decomposition,  giving  its  oxigen  to  part 
of  the  phosphorus  to  form  an  acid,  irhich  enters  into 
union  with  the  lime,  and  its  hydrogen  to  the  remainder^ 
to  generate  the  gas  which  escapes.  . 

Phosphuretted  hydrogen  is  transparent  and  colourless^ 
having  a  disagreeable  odour  and  bitter  taste ;  its  specifie 
gravity,  according  to  Thomson,  is  902,  100  inches 
weighing  87.6  gr. 

'  When  exposed  to  light,  particularly  over  water,  it  ii 
decomposed,  part  of  the  phosphorus  is  deposited,  and  a 
gas  is  left,  still  occupying  the  same  volume  as  before. 
It  is  also  decomposed  by  electricity,  by  which  the  whole 
of  its  pliosphorus  is  separated,  and  hydrogen,  of  the 
same  volume  as  the  gas  itself,  remains.  This  experiment 
not  oidy  shews  that  phosphuretted  hydrogen  contains  its 
own  volume  of  hydrogen,  but  points  out  an  easy  method 
of  ascertaining  the  proportions  of  its  component  parts  ;-* 
we  have  merely  to  deduct  the  specific  gravity  of  hydros 
gen  from  that  of  the  gas,  and  the  remainder  is  the  quan* 
tity  of  phosphorus. 

Sp.  gr.  of  ph.  hyd.     -    -     902.7 

hyd.     .    .      69.4 


8S3.S 
The  hydrogen  is  to  the  phosphorus  as  69.4  to  83S.3,   or 
as  1  to  12,  and  as  a 

1  :  12::  1.25:  16 
So  that  phosphuretted  hydrogen  is  a  compound  of 
1  atom  phosphorus,         -         •        16. 
1  atom  hydrogen,  -         -  1.26 

and  its  atomic  weight  is  -  •  16.26 

Considering  the  phosphorus  in  this  gas  to  be  itself  in 
the  gaseous  form,  then  its  specific  gravity  is  .833,  two 
volumes  of  the  vapour  being  equivalent  to  an  atom ;  and 
keeping  this  in  view,  we  can  easily  fix  the  proportions 
of  the  ingredients  of  its  other  compounds. 
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The  action  betw^n  phosphuretted  hydrogen  and  air  is 
Teiy  remarkable*  The  moment  it  comes  in  contact  with 
it,  aa  when  a  bubble  from  the  retort  is  allowed  to  escape 
thmugh  Che  water  of  the  trough,  it  takes  fire,  and  if  the 
wtr  be  undisturbed,  a  beautiful  white  wreath  ascends, 
which  ia  composed  of  an  immense  number  of  small  rings, 
etch  revolving  vertically  round  its  own  axis.  It  is  the 
phosphoric  acid,  formed  by  the  combustion  of  the  phos- 
phoroB,  wafted  up  with  the  watery  vapour,  generated  by 
the  union  of  the  hydrogen  and  oxigen. 

If  the  gas  be  received  into  oxigen,  the  inflammation 
is  more  brilliant ;  but  tlie  experiment  is  attended  with 
danger,  unless  very  little  is  introduced  at  a  time.  When 
S  volumes  of  the  gas  are  mixed  with  1  of  oxigen,  they  both 
disappear,  water  is  formed,  and  phosphorus  deposited ; 
if,  however,  8  of  the  latter  be  employed,  phosphoric 
add  is  generated,  1  of  oxigen  uniting  with  the  2  of  hydro- 
gen to  form  water,  the  remaining  2  with  the  phosphorus 
to  generate  the  acid.  Phosphuretted  hydrogen  and 
introua  oxid  detonate  by  means  of  electricity  ;  when  1 
of  the  former  and  S  of  the  latter  are  used,  3  of  azote  re- 
main, the  whole  of  the  hydrogen  and  phosphorus  uniting 
with  the  1^  volumes  of  oxigen  in  the  oxid,  and  setting 
the  azote  free.  The  same  happens  with  nitric  oxid ; 
aiing  the  same  proportions,  only  Ij^  of  azote  are  pro- 
duced. 

Phosphuretted  hydrogen  is  not  put  to  any  use. 
■  It  has  been  already  mentioned,  that  by  exposing  phos- 
phuretted hydrogen  over  water  to  light,  phosphorus  is 
deposited,  and  a  gas  is  formed,  having  the  same  volume 
as  the  other,  but  of  course,  with  less  phosphorus.  It 
is  called  by  Thomson 

SuBPHOSPHUR£TT£n    HVDROGEN. 

It  retains  the  odour  of  phosphuretted  hydrogen,  but 
does  not  inflame  when  mixed  with  air,— on  being  heated 
with  it,  or  with  oxigen,  it  burns,   requiring  1^  volume 
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of  the  latter  for  complete  combustioii.  As  tbis  gas  c^n- 
tains  all  the  hydrogen  originally  in  the  phospburetted 
hydrogen,  it  must  contain  its  own  volume  of  it,  so  that 
during  the  explosion  this  must  have  united  with  half  a 
volume  of  oxigen  to  form  water,  the  remaining  8-4ths  of 
a  volume  must  have  combined  with  the  phosphorus.  In 
phosphuretted  hydrogen  the  phosphorus  requires  1  vck 
lume,  whereas  in  this  gas  it  takes  only  },  so  that  there 
must  be  a  fourth  less  of  phosphorus,  the  hydrogen  be- 
ing the  same  in  both.  To  get  quit  therefore  of  the  frac* 
tions  of  an  atom,  it  must  be  supposed  a  compound  of  4 
atoms  of  hydrogen,  and  8  of  phosphorus. 

There  is  still  another  compound  of  phosphorus  and  hjr* 
drogen,  the  hydropltosphoric  gas  of  Davy,  but  called  bj 
Thomson 

Bi-Hydroqurxt  of  Phosphorus* 

This  gas  may  be  prepared  by  heating  crystallized 
phosphorous  acid  (a  compound  of  phosphorous  acid  and 
water,)  in  a  retort,  excluding  the  air,  by  which  the  wai- 
ter contained  in  the  acid  is  decomposed,  giving  hydrogen 
to  part  of  the  phosphorus  to  form  the  gas,  and  oxigen 
to  the  remainder  to  generate  phosphoric  acid. 

It  is  transparent  and  colourless,  having  an  odour 
somewhat  the  same  as  that  of  phosphuretted  hydrogen. 
Its  specific  gravity  is  97S.1.  It  does  not  inflame  when 
brought  in  contact  with  air,  or  with  oxigen,  unless  the 
temperature  is  elevated  to  300.  It  requires  for  complete 
combustion  8  volumes  of  oxigen,  1  of  which  unites  with 
the  phosphorus,  the  other  with  the  hydrogen.  Since  this 
is  the  case,  it  must  contain  twice  as  much  hydrogen  at 
phosphuretted  hydrogen  does,  and  if  so,  it  has  two  vo« 
lumes  condensed  into  one.  It  is  composed  therefore  of 
1  atom  of  phosphorus,  -         15. 

S  atoms  of  hydrogen,         .  2.5 

and  its  atomic  weight  is         -  -        17.5 

Its  specific  gravity,  it  has  been  already  mentioned^  it 
9721.     This  must  be  made  up  of 


BORON.  845 

twice  »p.  gr.  of  hyd.      -     -     138.8 
once     do.         ph.       -     -      8Sd.S 

972.1 
If  the  preceding  statement  be  correct,  the  following 
is  the  composition  of  the  compounds  of  phosphorus  and 
hydrogen  in  atoms : 

nKMplk  Hfd. 

Phosphuretted  hydrogen,  .        •    1  1 

Bihydroguret  of  phosphorus,     .      .       1  % 

Sabpho^b.  hydrogen,    -  .        •    4  8 

In  the  last  of  these  the  law  of  multiples  does  not  hold 
true,  which  has  led  some  to  suppose  that  it  is  not  a  dis- 
tinct compound  of  hydrogen  and  phosphorus,  but  a  mix- 
ture of  some  of  the  others,  in  certain  proportions. 

Phosphorus  is  not  put  to  any  particular  use.  From 
the  ease  with  which  it  unites  with  oxigen,  it  is  sometimes 
employed  in  eudiometry,  for  which  purpose  it  answers 
extremely  well,  as  the  experiment  is  easily  conducted. 
All  that  ia  necessary,  is  to  introduce  a  stick  of  it  into 
a  graduated  jar,  say  with  air,  standing  over  vater,  and 
leave  it  there  for  some  hours,  or  till  it  ceases  to  be  lu- 
minous in  the  dark,  by  which  the  oxigen  is  consumed, 
and  the  water  rises  to  supply  its  place ;  of  course  the 
hei^t  at  which  it  stands,  indicates  the  quantity  of  oxi- 
gen removed,  attending  to  the  usual  precautions  with 
respect  to  temperature  and  pressure. 

BORON. 

Tax  salt  called  borax,  has  been  long  known  to  oHitain 
a  peculiar  acid  in  union  with  soda,  but  it  was  not  till 
lately  that  we  became  acquainted  with  its  composition, 
though,  from  analogy,  it  was  considered  a  compound  of 
a  base,  and  oxigen.  In  1807,  Davy  subjected  it  to  the 
galvanic  influence,  and  found  that  a  black  powder  was 
collected  around  the  negative  wire,  but  he  did  not  then 
prosecute  his  inquiries  farther.  In  1808,  Gay  Lussac 
and  Thenard  succeeded  in  decomposing  it,  by  exposing 
it  to  the  action  of    potassium;     and    Davy,    nearly 
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about  the  same  time,  effected  its  decomposition  by 
a  similar  process,  and  procured  a  sufficient  quantity  of 
the  base,  to  enable  him  to  ascertain  a  few  of  its  proper- 
ties.    He  gave  it  the  name  of  Boron, 

Boron  i^  of  a  dark  brown  colour*  without  taste  and 
smell.  When  heated  in  close  vessels^  it  does  not  suffier 
any  change,  in  this  respect  resembling  charcoal,  the  most 
intense  heat  not  being  able  to  fuse  it.  It  is  a  non-eon^ 
ductor  of  electricity.  When  heated  in  air  to  about  000, 
it  bums  with  considerable  splendour.  In  oxigen  gaa  the 
combustion  is  more  brilliant,  but  as  the  oxigen  is  con- 
sumed,  a  white  crust  is  formed,  which  puts  a  stop  to  the 
action,  so  that  if  it  is  required  to  consume  the  whereof 
it,  the  product  must  be  repeatedly  washed,  and  the  rest 
due  heated  in  the  gas.  The  substance  formed  possesses 
all  the  properties  of  boracic  acid,  which  will  be  described 
along  with  the  other  acids. 

The  atomic  weight  of  boron  is,  according  to  Thom* 
son,  10.  ■  ■  V 

The  actions  of  boron  with  the  other  substances  already 
mentioned,  have  not  yet  been  ascertained.  *   ^ 

ARSENIC. 

The  name  ars&fiicj  was  applied  by  the  ancients  to  s 
substance  of  a  reddish  colour,  used  by  them  as  a  paint, 
but  its  composition  was  not  then  known ;  and  with  another 
now  commonly  sold  under  the  same  name,  we  have  also 
been  long  acquainted.  These  have  been  discovered  to 
contain  a  peculiar  base,  in  the  one,  in  union  with  sulphur,' 
in  the  other,  with  oxigen,  and  to  which  the  name  of  uremic 
has  been  given.  Its  properties  have  been  examinied  b^ 
Scheele,  Bucholz,  Proust,  and  Berzelius.  '    ' 

Arsenic  is  of  a  bluish  grey  colour,  with  considerable 
lustre.  It  has  a  foliated  texture,  and  is  vei«y  brittle,- 
being  easily  reduced  to  powder.  It  is  inodorous  at 
common  temperatures,  but  when  heated,  it  emits  the 
tmcU  of  garlic.  Its  specific  gravity  676.3.  Its  atomic 
weight  47.5.     When  heated  to  about  356,  it  passes  off  in 
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vapour,  and  without  beeoming  liquid,  the  vapour  havipg 
the  peculiar  garlic  odour,  and  as  it  cools,  forming  slender 
tetrahedral  crystals. 

When  exposed  to  the  air,  it  very  soon  becomes  black, 
and  falla  into  powder,  but  it  does  not  suffer  much  cbf^ige 
in  water,  and  hence  when  it  is  wished  to  preserve  the 
lustre,:  it  is  generally  kept  in  that  fluid.  When  heated 
in  air,  it  bums,  owing  to  its  uniting  with  oxigen. 

Araenic  combines  with  two  proportions  of  oxigen,  and 
forms  compounds,  which  were  at  one  time  considered 
azids^  but  are  now  allowed  to  be  acids.    (See  Adde.)  , 

Arsenic  unites  with  hydrogen,  and  forms  a  gaseous 
compound  discovered  by  Scheele,  and  since  examined  by 
Tromadorff,  Proust,  Stromeyer,  and  Gay  Lussac.  and 
Thenard.  More  lately,  its  properties  were  investigated 
by  Gehlin,  who  fell  a  victim  to  it  in  1815. 

Different  methods  have  been  recommended  for  prepar- 
ii^  iCtf  That  followed  by  Tromsdorff,  consists  in  putting 
4  parts  of  the  metal  zinc,  and  1  of  arsenic,  into  about  4 
c#  oil  of  vitriol,  diluted  with  rather  more  than  its  own 
bulk  of  water,  by  which  the  oxigen  unites  with  the  jsinc 
to  form  an  oxid,  which  will  combine  with  the  sulphuric 
acid,  while  the  hydrogen  enters  into  union  with  the  arse- 
nic, and  forms  a  gaseous  compound,  called 

ASSENUBETTED  HtDROGEN. 

Arsenuretted  hydrogen  gas,  is  transparent  and  colour- 
less, of  specific  gravity  2708,  according  to  Thomson.  It 
has  the  peculiar  garlic  odour  of  arsenic  in  vapour.  It 
does  BoC  support  combustion,  and  when  breathed,  even 
thdugh  largely  diluted  with  air,  proves  speedily  fatal,  and 
hence  the  necessity  of  very  great  caution  when  experi- 
aenting  with  it. 

When  heated  in  contact  with  air,  it  burns  with  a  blue 
flame.  II  the  combustion  go  on  slowly,  water  is  formed, 
and  the  arsenic  i^  deposited  on  the  sides  of  the  jar ;  but 
if  it  be  rapid,  as  when  exploded  with  oxigen,  there  is 
BO  deposiiion^  the  arsenic  being  converted  into  an  acid. 


a*8  SUl^PHUR. 

When  chlorine  is  mixed  with  ai-scnur^ttod  bydrogeo, 
there  is  ft  decoinposiUcMi.  Muriatic  acid  is  fonnedj  aftd 
arsenic  is  deposited. 

Various  attempts  have  been  made  to  ajKsertain  the  pro- 
portion of  the  ingredients  of  this  compound^  bi)t  with- 
out success.  In  one  experiment.  Gay  Lussac  found,  th«ii 
when  100  measures  were  decomposed  by  a  metal,  which 
would  unite  with  the  arsenic,  140  of  hydrogen  wer^  lib^ 
rated  i  from  whiqh  it  would  appear,  that  it  contain^  ff  of 
hydrogen^  condensed  into  2. 

It  id  supposed  that  there  is  another  comppund  of  im> 
senic  and  hydrogen.  When  water  is  decomposed  by 
galvanjLsm,  using  wires  of  arsenic,  the  hydrogen  evolvec} 
is  in  smaller  quantity  than  when  platinum  wires  are  naed; 
at  the  same  time  a  brownish  substance  is  f(»tne(]l»  wbiffh, 
when  heated,  gives  off  arsenic  and  hydrogeo,  bllt  its  pfo* 
perties  have  not  been  ascertained. 

Arsenic  is  occasionally,  though  rarely,  found  in  its  aa* 
tive  state,  principally  in  union  with  some  of  the  metalii 
It  is,  however,  most  frequently  in  combination  irith  aujU 
phur,  and  from  which  it  is  generally  obtained,  firsi  by 
converting  the  arsenic  into  a  compound  with  oxigep,  msA 
afterwards  decomposing  this  by  charcoal.  (tS^f^  «ir|^HiM 
Add.)    It  is  not  put  to  any  particular  use. 


SULPHUR. 

SuLPUuE,  or  brimstone,  as  it  \&  generally  called,  "is  pro- 
cured in  the  form  of  cylinders^  and  in  iin^  powder,  th^ 
latter  of  which  is  the  purer,  being  obtained  from  the  foTf 
mer  by  sublimation.  It  has  neither  taste  nqr  smell,  bul 
when  rubbed  it  has  a  faint  peculiar  odour.  It  is  ef  » 
yellowish  colour ;  but  when  procured  by  precipitation  iX 
is  white,  probably  owing  to  its  containing  water.  Its 
specific  gravity  is  1990;   ita  atom  SO. 

When  the  sulphur  in  cylinders  is  slightly  heated,  aa 
when  held  for  S(Hne  tin^e  in  the  hand,  it  crackles,  and  sooii 
fall3  to  pieces.     When  the  temperature  i^  raided  to  abput 
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SS0^  st/meai  and  aeqvirce  a  reddish  coJour  (  but  it  h  rt- 
varkaUe^  thai  if  the  heat  be  costiDued,  instead  of  remain- 
iag  fluid,  it  becomes  viscid,  so  much  bo,  ai  to  adhere  to  the 
flidai  ef  the  iresael ;  and  the  viscidity  continues  till  the 
temperatuiie  arrives  at  about  55S,  at  which  it  passes  off 
in  vapour.  This  waa  at  one  time  supposed  to  be  owing 
ta  exudation ;  but  that  it  is  not  so,  is  evident  from  its 
tmdergoing  the  change  as  often  as  we  choose.  Besides, 
as  the  temperature  falls,  it  becomes  quite  limpid  just  b^ 
fore  it  is  congealed.  When  sulphur  is  fused,  and  allow- 
ed ta  coed  verjr  gradually,  it  crystallises.  When  heated 
in  dose  Teasels  to  about  650,  it  rises  in  vapour,  wbiish 
aoBdenees  in  the  cool  part  of  the  apparatus,  in  fine  pchr^ 
dar.  Coming  sublimed  sulphur^  or  Jlawers  qfs^phur. 

Snlphur  ia  a  non-conductor  of  electricity. 

When  heated  in  air  to  about  800,  it  bums  with  a  pale 
blue  flame,  and  fumes  arc  given  off,  which  are  extremely 
offensive  to  the  nostrils  and  lungs.  When  it  is  exposed  to  a 
higher  temperature,  as  when  thrown  on  a  red  hot  plate,  the 
caibuation  is  more  vivid,  and  the  flame  is  white,  with  ad- 
nuxtnre  of  red.  In  this  instance,  also^  it  is  dissipated  ios 
fumes*  which  are  not  so  offensive  as  the  former ;  but 
when  oondensed,  are  much  more  corrosive.  When  bum^- 
cd  in  oxigen  gaa,  the  combustion  is  very  lively,  the  flatoie 
being  white,  with  a  slight  tinge  of  blue.  This  experi-> 
meat  is  easily  performed,  by  soaking  some  lamp  cotton 
in  melted  sulphur,  and  allowing  it  to  congeal ;  the  match 
thus  formed  is  placed  in  a  epiral  of  wire^  and  after  being 
kindled,  introduced  into  a  vase  of  the  gas. 

In  all  of  these  experiments,  the.  sulphur  tinites  with 
oxigen  ;  but  the  proportion  varies  according  to  the  mode 
of  combustion.  When  burmag  slowly,  it  forms  a  cokn- 
pound  called  sulpkuroui  ooid,  better  known  by  the  name 
of  fumea  of  sulphur,  and  when  the  beat  is  high,  4iilpht^ 
fie  add^  or  oil  of  vitriol,  is  produced.    (See  Acid^>) 

Sulphur  combines  with  different  .proportions  of  hydro-. 
gn.  Wfaen.'kepfc  together  at  a  natural  temperature,  there 
is  no  action ;  but  if  heat  be  applied,  they  unite,  and  form  a 
gaseous  fluid,  called  eulphmrMed  hydrdgen^  and  they  nay 
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be  made  to  combine  in  other  proportion!^  and  form,  an 
oily-looking  substance.  Both  of  these  are  adds,  and  wiH 
be  afterwards  described. 

The  action  between  sulphur  and  carbon  is  interesting', 
as  affording  a  fluid  possessed  of  very  remarkable  propeiu 
ties.  Lampadius,  in  1796,  (CreU's  Annals,  1796,  ii.  1S&) 
when  subjecting  to  heat  charcoal  and  a  compound  of  suL 
phur,  obtained  a  fluid  which  he  described  under  the  name 
of  alcohol  qfsulphury  and  which  he  inferred,  from  his  ex^* 
periments,  was  a  compound  of  sulphur  and  hydrogen,  an* 
opinion  adopted  also  by  the  younger  Berthollet,  (Meidi) 
d^Arcueil,  i.  304.)  It  was  afterwards  examined  by  ClnseV 
who  proved  it  to  be  a  compound  of  sulphur  and  carbon^ 
(An«  de  Chimie,  Ixxxiv.  72.)  and  which  has  been  confirm^i 
ed  by  Berzelius  and  Marcet,  (Ph.  Trans.  1818.)  It  has 
now  received  the  name  of 

SULPHDRET  OF  CaRBOK. 

Clement  and  Desormes  have  pointed  out  an  easy  me* 
thod  of  obtaining  it     For  this  purpose,  a  porcelain  tube^ 
stuffed  with  charcoal,  is  passed  through  a  furnace,!,,  aadi 
brought  to  a  red  heat.     To  one  end  is  fixed  a  vessel  witlt » 
chips  of  sulphur,  and  furnished  with  a  wire  to  push  thein 
into  the  tube ;  to  the  opposite  one  is  adapted  a  bent  glaav 
tube,  which  is  made  to  terminate  in  a  bottle  of  waters- 
taking  care  that  there  is  not  as  much  in  the  phial,  as^  m 
the  event  of  condensation,  will  rise  into  the  porcelain  one.^  - 
When  the   tube  has  become  red  hot,  heat  u  sppiMb 
to  the  sulphur,  so  as  to  melt  it,  and  cause  it  to  flow  upon 
the  charcoal,  and  the  moment  they  come  in  contact  they 
unite,  and  pass  off  in  the  state  of  vapour,  which,  escap-.^ 
ing  through  the  glass  tube  into  the  water,  is  condensed; 
in  the  form  of  an  oily-looking  fluid,  of  a  yellowish,  com  ^ 
lour.     To  free  it  from  impurities,  it  must  be  put  into  a 
retort,  and  distilled  by  a  heat  not  exceeding  110.     A 
transparent  colourless  liquid  is  collected  in  the  receiver^ 
which  is  the  sulphuret  pure. 

Sulphuret  of  carbon  has  an  acrid  pungent  taste,  and  a 
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fetid  duagveeabie  odour.  Aeoovdiag  todvccl,  its  spe* 
dfic  gravity  is  1S6S ;  jMording  to  Marcet  127&  When 
bealedy  it  boik  at  about  110 ;  but  by  the  abstraction  of 
.edoticy  it  Jias-not'yet  been  made  to  undergo  any  change. 
It  is  one  of  tbe'iBost  voktile  fluids  with  which  we  are 
aeqluunleAi'and  produces,  by  itseva^ration,  an  intense 
dtgroBiof  cold*  When  the  bulb  of  a  thermometer,  coyer- 
ed>«tk  aiusliny  it  dipt  into  it,  and  then  whirled  in  the  air, 
die  tempcratmie  falls  from  60  to*  about  0^  If  the  sulphuret 
be  allowed  to  fall,  drop  by  drop,  on  the  thermometer, 
placed  ;under  die  receiver  of  a  pump,  and  the  air  quick* 
ly  withdrawn,  the  cold  will  be  about  — ^^,  in  less  than 
two- minutes.  The  vapour,  however,  is  very  apt  to  in- 
jtBe  the  valves  of  the  pump. 

When  the  sulphuret  is  heated  in  air,  it  takes  fire ;  but 
the.  temperature  at  which  it  is  inflamed,  has  not  been  ac- 
cnzately.  ascertained ;  it  is  not  high,  however,  probably 
not  exceeding  700*.  The  flame  is  blue,  and  the  vapour 
Conned  has  the  odour  of  burning  sulphur. 

When  electric  sparks  are  passed  through  the  vapour 
of  the  sulphuret,  mixed  with  oxigen,  they  detonate,  and^ 
piovided  there  is  a  sufficient  quantity  of  the  latter,  suL 
phoiotts  add  and  carbonic  add  are  the  products. 

-It  is 'Very  sparingly  soluble  in  water.  Berthollet, 
Thenaid,  and  Vauquelin,  succeeded  in  decomposing  it, 
by*  passing  its  vapour  through  incandescent  tubes,  con- 
taining a  metal ;  and  Berzelius,  by  a  similar  method,  as- 
certained the  propcMTticms  of  the  ingredients.^  According 
tdiiini^iit  is  composed  of 

-k  '■    I  ■  i  .      :  £ulphurj  84*88 

V  .n    i  .     <  Carbon,    1£.17 

Andas  16.17  :  84.88  ::  7£  :  41 
So  neaily  40  that  it  may  be  considered  a  BuSulpkurei, 
and.thcreSore.camposed  of. 

1  atcmi  of  carbon,  -  -  7.5 

2  atoms  of  sulphur,  -  -         40. 

..■■•«. 
and  its  atomic  wdght  is  .        .        -,       47.5 


S5S  SULPHUR. 

Sulphur  nets  very  easily  with  pho^horus^  piriotided 
the  temp^Bture  is  a  little  devated.  The  oompouod  was 
first  pointed  out  by  Margraaf^  and  afterwards  exAmioed 
by  FeUetier^  (Journ.  de  Fhys.  xxxv.)  ;  but  more  partk 
cularly  by  Dr  Brig^^  (Nicolson^s  Jounu  vL)  who  has 
p(Hntod  out  different  methods  of  preparing  it.  Tht 
union  may  be  effected  merely  by  heating  them,  but 
which  must  be  done  under  water^  to  prevent  oombuatioiH 
and  the  heat  must  be  applied  cautiously,  otherwise  there 
is  a  generation  of  gas  from  the  decomposition  of  the  fluids 
and  whibh  is  apt  to  cause  explosion.  Using  about  eqml 
weights,  ot«  which  is  probably  better,  15  of  phoqphoroil 
to  20  of  sulphur,  and  which  is  the  atolnic  proportion^ 
the  compound  is  of  a  yellowish  colour,  and  easily  fused* 
When  heated  in  water  to  about  210,  there  is  a  decompo- 
sition, and  formation  of  phosphuretted  and  suljdiurettcd 
hydrogen  gases.  When  exposed  to  the  air,  it  instantly 
takes  fire,  and  hence  its  use  in  affording  a  b'ght* 

For  preparing  the  instantaneous  light-giving  hottiei^ 
apiece  of  phosphorus  well  dried  is  put  into  a  quarter  of 
an  ounce  phial,  with  about  an  equal  weight  of  the  flowen 
of  sulphur,  and  then  well  corked,  and  set  aside  for  a  tew 
days,  to  allow  them  to  unite.  When  a  light  is  required^ 
a  little  of  the  product  is  brought  out  by  a  common  sul* 
phur  match,  on  which,  when  exposed  to  the  air,  it  is  kin- 
dled, and  sets  fire  to  the  sulphur.  In  using  these  bottlcSi 
the  cork  must  be  left  out  as  short  a  time  as  possibly  to 
prevent  the  mixture  from  absorbing  air,  by  which  it  may 
be  inflamed.  They  may  also  be  more  quickly  prepared^ 
by  putting  the  phial  with  the  mixture  into  warm  water, 
so  as  to  melt  the  phosphorus,  and  cause  it  to  act  on  the 
sulphur ;  but,  as  has  been  already  mentioned,  unless 
very  cautious  in  heating  it,  the  mixture  is  apt  to  take 
fire,  so  that  the  other,  if  not  required  for  immediate  iamf 
is  preferable. 

SULPUURETS  OF  AbSENIC. 

Sulphur  unites  with  arsenic,  and  forms  substances 
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Iflog  knomi  by  the  names  of  orpiment  and  realgQ^f  both 
of  whkh  are  natire  productioDs ;  but  thej  may  also  be 
ihmied  artificially,  the  latter  by  heating  sulphur  and  ar« 
aenie,  or  its  oompound  with  cxigen,  arsenious  acid,  and 
the  former  by  the  addition  of  sulphuretted  hydrogea  to  an 
arwiucal  solution.  These  were  at  one  time  supposed  to 
differ  in  their  composition,  one  being  considered  a  sulphu- 
Nt,  the  other  a  oompound  of  sulphur  and  arsenic  in  the 
sUUe  of  oxid ;  but  this  has  been  disproved  by  the  exp^ 
liments  of  Laugier,  who  has  shewn  that  they  both  con^ 
tain  arsenic  free  from  oxigen,  but  differing  in  its  propor- 

tlOD. 

The  ingredients  are. 

In  Realgar,  arsenic  100,         sulphur  43.67, 
Orpiment,     -^     100,  —       63.9S. 

Now  as  100  :  43.67  :  :  47.5 :  SI 
So  nearly  SO,  that  wc  may  consider  the  first  a  compound 
of 

I  atom  of  arsenic,  ...        47.5 

1  atom  of  sulphur,      ...  SO. 


67.5 
And  is  therefbre  a  froto-ndphuret  But  in  the  second, 
the  sulphur  is  not  a  multiple  of  that  in  tlie  othev ;  it  is, 
however,  very  nearly  one-half  more  ;  so  that,  if  we  sup- 
pose it  a  half,  then  it  is  a  sesquundphurety  or  it  may  be 
considered  a  compound  of 

S  atoms  of  arsenic,  ...  95 

S  atoms  of  sulphur,  -  -        60 

155 
Realgar  is  much  employed  in  dyeing,  being  used  for 
de^vxidizing  indigo,  and  allowing  it  to  become  fixed  on 
cloth. 

Sulphur  is  found  in  abundance  in  the  mineral  king- 
den,  both  combined  and  in  its  free  state.  It  exists  in  all 
volcanic  countries,  as  Italy,  Sicily,  and  Iceland,  which 
supply  the  most  part  of  Europe  with  it.  It  is  found  also 
in  great  abundance  in  union  with  many  of  the  metals,  as 


i 
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iron^  €op]per,  and  lead.  Dffferent  methods  are  followed 
for  j^ocuring  it,  according  to  the  state  in  which  it  enfists: 
When  it  is  combined  with  earthy  matter,  as  in  voleaiiic 
productions,  it  is  exposed  to  beat,  in  large  pots,  "well  €t>- 
^vered,  to  preyent  the  admission  of  air ;  when^aid^  die 
impurities  fall  to  the  bottom,  and  it  is  then  poured  into 
moulds,  thus  forming  the  cylinders.  If  the  fbf eign  HUit- 
ter  should  not  separate  in  this  way,  a  greater  heat  is  ap- 
plied, and  the  sulphur  is  sublimed,  the  process  being  con- 
ducted in  pots  Imving  receives  adapted  to '  them,'  ia 
which  the  vapour.  Is  condensed*  In  procuring  metals 
from  their  compounds  with  sulphur,  they  are  exposed  to 
heat,  by  which  sulphur  in  vapour  is  given  off,  and  con- 
densed in  chambers  connected  with  the  vessel,  in  whidi 
the  metallic  compound  is  heated.  By  both  of  these  pro- 
cesses, the^fiawer9  are  (Stained. 

The  uses  of  sulphur  are  numerous  and  important.  It 
is  consumed  largely  in  the  formation  of  oil  of  vitriol,  and 
in  the  manufacture  of  gunpowder,  in  both  of  which  it  is 
used  along  with  nitre.     (See  Nitre.) 

It  is  employed  also  in  medicine  internally,  as  a  gentle 
laxative,  and  externally,  in  conjunction  with  lard,  as  an 
ointment  in  cutaneous  diseases,  particularly  itch>  in 
which  it  seems  to  exert  some  specific  action. 

CHLORINE. 

Wren  muriatic  acid  is  poured  on  some  bodies  that 
contain  oxigen,  a  gaseous  fluid  of  a  yellowish  colour  is 
disengaged,  which  was  long  considered  a  compound  of 
muriatic  acid  with  an  additional  proportion  of  oxigen, 
derived  from  the  other  substance,  and  hence  its  names, 
oxigenized  and  oxi-muriatic  add.  It  is  now,  however^ 
almost  universally  admitted,  that  the  gas  is  a  simple 
body,  being  derived  from  the  muriatic  acid,  in  which  it 
exists  in  union  with  hydrogen.  This  view  of  its  nature 
was  first  thrown  out  by  Gay  Lussac  and  Thenard,  (Re* 
cherches  Phys.  Chim.  1811.)  ;  but  they  did  not  main- 
tain it,  as    Uiey  did  not  think  it  probable,  being  ao 
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completely  at  variance  with  the  Lavoiteijan  doctrine 
with  respect  to  acidity  ;  that  it  depended  on  the  presence 
of  ozigen.  Sir  H.  Davy,  however,  afterwards  asserted 
that  this  was  really  the  composition  of  the  acid,  and  that 
the  yellow  gas  must  be  considered  a  simple  body,  and  of 
eMme  another  acidifjdng  principle.  He  gave  it  the 
■ime  of  Chlorine  from  its  greenish  yellow  colour,  (from 
Xli0fff,  gr^n;)  Phil.  Tr.  1810. 

Though  the  simple  nature  of  chlorine  is  now  almost 
wurersally  admitted,  yet  the  supporters  of  this  doctrine 
aie  not  agreed  with  respect  to  the  place  it  should  hold 
anoDg  other  simple  bodies ;  for  ithere  are  many  who,  in- 
stead of  oonsidering  it  as  the  acidifying  principle  in  those 
acids  not  containing  oxigen,  are  inclined  to  look  on  it 
as  the  base,  and  attach  a  principle  of  acidity  to  hydro- 
gen. From  the  arrangement  I  have  adopted,  it  will  be 
ibserved  that  I  am  of  the  latter  opinion ;  and  it  is  from 
the  great  resemblance  between  it  and  sulphur,  in  most  oi 
its  qualities,  that  I  have  thought  proper  to  bring  them 
under  the  same  class  *• 

Chlorine  was  discovered  by  Scheele,  when  examining 
the  nature  of  the  black  oxid  of  manganese,  the  substance 
always  used  in  its  preparation.  (See  Manganese,)  It  has 
nnce  been  examined  by  Berthollet,  Sir  H.  Davy,  Dr 
Murray,  Dr  Davy,  and  indeed  by  almost  all  the  chemists 
of  distinction  of  the  present  time. 

Chlorine  is  of  a  greenish  yellow  colour,  has  a  peculiar 
offensive  odour,  and  is  extremely  irritating  to  the  eyes,  nos- 
trils, and  lungs.  When  breathed  pure  it  instantly  proves 
btal,  and  even  when  largely  diluted  with  air^  it  excites 
severe  coughing,  followed  by  headache,  deep  pain  of  the 
diest,  and  general  derangement  of  the  system,  which  con- 
tinue for  a  considerable  time ;  and  hence  the  necessity  of 
great  caution  when  experimenting  with  it.     It  is  consi- 

"  For  ft  IbU  ftceonnt  of  the  opinions  entertftined  with  respect  to  the  nature  of 
tfclerlfte,  and  of  the  experimento  by  which  the  sopporters  of  the  different  doc 
alMicodcftfoarad  to  ouUish  their  truth,  the  reader  ii  referred  to  the  papers  of 
flr  H.  DftTf.  Dr  Munsj,  and  Dr  Dafy,  in  Nioolion*s  Journal,  ? o1.  xxziv. 
Ui  rib  Tk.  ToL  vUL  An.  of  PhiL  xiL  xiii 
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derably  heavier  than  air,  but  its  specific  gravity  hat  been 
variously  stated.  It  is  now  allowed  to  be  9800.  Its 
atomic  weight  45. 

ChloriDe  possesses  the  very  remarkable  property  of 
destroying  the  colour  of  almost  all  vegetable,  and  also  of 
many  animal  and  mineral  substances,— -a  property  which 
is  most  easily  shewn  with  its  solution. 

It  is  not  aJtered  by  heat,  light,  or  electricity,  provided 
it  is  quite  dry. 

Water  very  easily  absorbs  it,  the  quantity  depending 
on  the  temperature  and  pressure.  At  50  it  takes  op 
about  twice  its  own  bulk  of  it ;  and  if  reduced  to  40^ 
soft  scales  are  formed,  which,  from  their  quantity^ 
make  the  solution  almost  concrete,  as  may  be  shewn  hf 
collecting  the  gas  in  jars  filled  with  ice-cold  water.  If 
a  little  water  be  admitted  into  a  bottle  of  gas,  and  kepi 
at  a  temperatui^  below  30,  dendritic  crystals  are  fbrmec^ 
which  may  be  made,  by  the  approach  of  the  hand,  lo 
Sublime  from  one  part  to  another.  These,  according  to 
Faraday,  are  a  hydrate  of  chlorine^  in  the  pn^xntfeii  of 

Chlorine     S7.7 

Water         72.3 

And  as  27.7:  72.3::  45: 118 

And  ^  =  11.3 

So  that  it  is  probably  a  compound  of 

1  atom  chlorine  45. 
10  atoms  water    112.5 


And  its  atomic  weight  will  be      157.5 

It  was  with  this  substance  that  he  succeeded  in  pr»- 
euring  chlorine  in  the  fluid  form,  and  which  was  done  by 
putting  it  into  a  strong  bent  glass  tube,  and  then  scaling 
it  hermetically.  On  the  apj^ication  of  a  slight  heat  )| 
was  volatilized,  and  two  fluids  were  condensed  in  the  cold 
end,  the  one  of  a  pale  yellow  colour,  the  other,  which 
lay  below  it,  of  a  dark  yellow,  and  having  no  tendency  to 
mix  with  it.  By  the  cautious  application  of  heat^  they 
were  separated,  and,  on  breaking  under  water  the  eifd 
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eoetaining  the  latter,  it  instantly  disappeared,  and  chlcv 
rine  gas  was  given  off,  (Phil.  Tr.  18SS.) 

The  solution  of  chlorine  in  water,  and  which  is  easily 
prepared  by  shaking  them  in  a  phial  together,  is  yellow- 
idiy  has  the  offensive  smell  of  the  gas,  and  possesses  in  a 
remarkable  degree  the  power  of  destroying  colour.  Thus, 
if  a  little  be  added  to  red  cabbage  water,  to  litmus 
water,  or  to  infusion  of  cochineal,  the  colour  instantly 
dinppears,  and,  what  is  very  remarkable,  it  cannot  be 
recalled  by  any  other  agent.  If  the  colour  has  been  im* 
parted  to  doth,  it  cannot  resist  the  action  of  the  solu- 
tion ;  a  few  pieces  of  printed  calico  immersed  in  it  be- 
oonriDg  white,  the  time  required  depending  on  the  nature 
flf  the  dye-stuff. 

Though  the  solution  thus  acts  so  easily  on  colour,  it 
ii  necessary  to  employ  it  when  recently  prepared,  as  it 
vadergoes  decomposition,  particularly  when  exposed  to 
I^t ;  the  hydrogen  of  the  water  uniting  with  the  chlo- 
rine, to  form  muriatic  acid,  and  oxigen  gas  being  liberat- 
ed, so  that  instead  of  banishing  the  colour,  it  will  change 
it  to  red.  This  points  out,  also,  the  necessity  of  keeping 
the  solution  in  the  dark,  or  in  earthenware  bottles. 

Chlorine  has  no  direct  action  with  oxigen,  but  they  can 
be  made  to  enter  into  union,  and  form  no  less  than  four 
distinct  compounds,  two  of  which  are  gaseous,  and  are 
ooDsidered  oxids,  the  others  are  acids. 

Pbotoxid  of  Chlobine,  or  Euohlorike. 

Tflis  gas  cannot  be  prepared  by  the  direct  union  of 
its  ingredients ;  we  are  obliged,  therefore,  to  have  re- 
course to  decomposition.  The  substances  from  which  it 
is  prepared,  are  muriatic  acid,  and  chlorate  of  potassa. 
(See  CKIoraU  qfPoiassa.) 

It  was  discovered  in  1811,  by  Davy,  (Phil.  Tr.  1811,) 
who  gave  it  the  name  of  EtuMorine.  It  is  of  a  much 
darker  yellow  colour  than  chlorine,  and  has,  like  it,  a 
very  offensive  Bfio<Jl,  bpin^r  alsn  extrpmoly  irritating.  Its 
specific  gravity  is  2444,    and  its  atomic  weight  BB. 

VOL.  I.  a 
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When  subjected  to  strong  pressure,  it  becomes  a  deejj 
yellow  fluid,  remaining  so  at  — 40,  and  which,  when  ex- 
posed to  the  atmosphere,  instantly  flies  ofl^  in  gas. 

Euchlorine  freed  from  water,  at  first  gives  a  reddish 
tint  to  vegetable  blues,  but  soon  destroys  the  colour. 
It  is  unfit  for  the  support  of  respiration. 

Its  most  remarkable  property  is  its  exploding  by  the 
application  of  a  slight  heat,  and  hence,  of  course,  great 
caution  is  necessary  when  experimenting  with  it.  The 
easiest  mode  of  exploding  it,  is  to  hold  a  small  phial  of 
it,  loosely  corked,  over  the  flame  of  a  spirit-lamp,  hj 
which  it  is  decomposed,  and  resolved  into  its  component 
parts,  chlorine  and  oxigen ;  at  the  same  time  heat  and 
light  arc  evolved,  and  there  is  an  expansion,  5  parts  be^ 
coming  6.  This  is  considered  a  very  remarkable  case  of 
chemical  action,  as  in  almost  all  instances  of  the  evolu- 
tion of  heat  there  is  a  condensation  of  the  substances  em- 
ployed, which  is  supposed  to  be  the  cause  of  the  evolu- 
tion. 

The  action  of  the  oxid  with  inflammables  is  not  vio|> 
Jent.  When  mixed  with  hydrogen  and  heated,  it  ex* 
plodes,  and  liquid  muriatic  acid  is  formed,  part  of  th^ 
hydrogen  uniting  with  the  oxigen  to  produce  water,  the 
remainder  with  the  chlorine  to  form  the  acid. 

When  phosphorus  is  introduced  into  it,  it  is  inflamed, 
and  the  same  compounds  are  formed  as  when  burned  in 
a  mixture  of  chlorine  and  oxigen.  When  charcoal  in  a 
state  of  combustion  is  put  into  it,  there  is  a  brilliant 
flash,  and  it  then  burns  with  a  dull  red  light. 

Though  protoxid  of  chlorine  thus  acts  with  so  much 
ease  with  inflammables  in  general,  yet  it  is  remarkable 
that  it  does  not  act  on  some  of  those  that  are  easily  in^ 
flamed  by  chlorine.  Thus,  when  copper  leaf  is  put  into 
it,  there  is  no  action,  but  if  heat  be  applied  so  as  t# 
cause  explosion  and  separation  of  ingredients,  there  is  an 
immediate  action  on  the  metal,  the  chlorine  inflaming  it/ 

Euchlorine  is  absorbed  by  water,  which  takes  up 
about  8  or  10  timeft  its  own  volumo  \jC  ft. 

According  to  Davy  it  is  composed  of  ^ 
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Chlorine,  .        .        2    =    5000  or  81.8S 

Oxigen,        -        -        -      1     =     1111  or  18.18 
and  as  81.82  :  18.18  :  :  45  :  10. 
So  that  it  is  a  compound  of 

1  atom  chlorine,         -  45 

1  atom  oxigen,  -         10 

and  its  atomic  weight  is  55 

As  the  atom  of  oxigen  is  represented  by  1  volume,  and 
cuchlorine  is  a  protochlorid,  that  of  chlorine  must  be  re- 
presented by  2  volumes. 

It  has  been  already  mentioned,  that  by  explosion,  5 
vdumea  become  6,  that  is,  2.6  become  8,  and  which 
ODQsist  of  2  of  chlorine,  and  1  of  oxigen  ;  so  that  in  eu- 
cfakKine,  the  oxigen  is  condensed  into  half  its  original 
volume ;  in  other  words,  euchlorine  is  composed  of 

Vob.  VoL 

chlorine,         2  1        ,        j  •  *    i 
'         ^    >•  condensed  mto  1. 
oxigen,  1   J 

If  so,  its  specific  gravity  must  be 

8600  X  2  =  6000  +  1111  =  ^  =  2444, 

ihe  namber  formerly  stated. 

Peeoxid  of  Chlokine. 

PcTOKid  of  chlorine  cannot  be  procured  by  the  direct 
nioo  of  its  component  parts.  We  are  obliged,  there- 
Idr,  to  have  recourse  to  decomposition,  and  for  this  pur« 
chlorate  of  potassa  is  decomposed  by  sulphuric 
(  See  CUonUe  qfPoiasea.) 
It  was  discovered  nearly  about  the  same  time  by  Davy, 
sad  Count  Von  Stadion  of  Vienna,  the  former  of  whom 
gim  an  account  of  it,  in  Phil.  Tr.  for  1816. 

It  la  a  gaseous  fluid,  of  a  dark  yellow  colour,  having 
s  peculiar  aromatic  odour.  Its  specific  gravity  is  2361, 
and  iu  atomic  weight  86.  Water  absorbs  about  7  times 
its  volume;  the  BDlutUm  ka^.the  coloov  of  the  gas,  and 
haa  em  aatrii^gent  taste,  leaving  a  disagreeable  aensa- 

r2 
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tion  on  the  tongue.     It  destroys  vegetable  colours,  with- 
out previously  reddening  them. 

When  heated  to  about  IIS,  it  explodes  with  consider- 
able violence ;  indeed,  so  much  so,  that  the  experiment  ia 
dangerous,  unless  performed  on  a  small  quantity,  and  in 
strong  tubes.  During  the  explosion,  heat  is  disengaged, 
and  there  is  a  brilliant  flash  of  light ;  and  as  with  the 
protoxid,  there  is  an  expansion,  4  volumes  becoming  6^ 
which  contain  4  of  oxigen,  and  S  of  chlorine.  Its  com*. 
position  is,  therefore. 

Vols.  Bytvdlglkt. 

chlorine,  S  =  5000  or  5S.97 

oxigen,  4  =  4444  or  47.03' 

and  as  5000  ;  4444  : :  45  :  40 
So  that  it  is  composed  of 

1  atom  of  chlorine,         -        45 
4  atoms  of  oxigen,        -  40 

and  its  atomic  weight  is  95 

Its  composition  may  be  stated  also  to  be 

Vob.  Vob. 

^*  ^    >  condensed  into  4. 

oxigen,  4    J 

So  that  the  condensation  is  equal  to  the  volume  of  the 
chlorine,  and  if  so,  its  specific  gravity  must  be 

5000  +  4444  _  ^g^ 
4 
The  action  of  peroxid  of  chlorine  with  inflammables 
is  by  no  means  violent,  except  with  phosphorus,  w]d» 
which  it  explodes  with  great  force,  indeed  so  much  so,  that 
the  experiment  is  attended  with  danger,  unless  perfbmK 
ed  on  very  minute  quantities,  or  some  means  be 
taken  to  prevent  the  action  from  going  on  too  ra- 
pidly.   The  safest  method  of  shewing  the  action, 
is  to  put  at  the  bottom  of  a  glass  of  water.  A, 
about  10  grains  of  the  chlorate  of  potassa,  the 
salt  from  which  the  peroxid  is  procured,  along 
with  some  chips  of  phosphorus,  and  then  pour 
in,  through  a  long  fnnnpl^  B,  a  £bw  divps  of  sul- 
phuric add,  which,  by  its  weight,   falls,  and 
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comes  in  contact  with  the  salt,  without  mixing  with  the 
water.  The  moment  it  does  this,  it  acts  on  it,  setting 
hee  the  gas,  which  inflames  the  phosphorus,  so  that  each 
bubUe  that  comes  off  is  decomposed,  and  there  is  there- 
five  no  risk  of  any  acddent.  The  products  are  the  same 
as  when  the  phosphorus  is  heated  in  a  mixture  of  chlo- 
rine and  i»]gen. 

Chlorine  unites  with  at  least  two  other  proportions  of 
ongen,  but  as  the  compounds  are  acid,  they  will  be  con* 
flidered  afterwards. 

Chlorine  acts  in  general  with  great  ease  with  inflam- 
■Mihli»8,  many  of  which  it  injBames,  without  the  applica- 
tion of  heat,  but  the  combustion  is  by  no  means  lively, 
not  nearly  so  much  so  as  in  atmospheric  air. 

When  hydrogen  is  mixed  with  chlorine,  there  is  no 
action,  at  a  natural  temperature,  provided  they  be  exclu- 
ded from  light ;  but  the  moment  that  heat  is  applied, 
they  explode.  For  this  purpose,  the  common  explod- 
ing bottle  may  be  used,  employing  equal  volumes  of 
the  gases.  If  they  be  mixed,  and  exposed  to  light  over 
water,  there  is  a  gradual  condensation,  and  consequent  rise 
of  the  water,  which,  if  the  gases  are  pure,  will  fill  the  jar« 
Wben  the  mixture  is  exposed  to  the  direct  rays  of  the 
•on,  instead  of  a  slow  action,  there  is  an  instant  explo- 
flon.  In  all  of  these  cases,  the  chlorine  and  hydrogen 
wnite^  and  form  an  acid ;  and  that  they  do  so,  is  evident, 
bj  adding  cabbage  infusion  to  the  water  in  the  jar.  It 
IS  reddened,  shewing  not  only  the  formation  of  acid,  but 
ibo  the  comjdete  change  of  the  properties  of  the  chlorine. 
The  compound  formed,  has  been  long  known  by  the 
name  of  muruMc  add.    It  will  be  afterwards  described. 
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Chlorine  and  nitrogen  do  not  act  when  presented  to 
A  other  in  the  gaseous  form,  but  they  can  be  made  to 
enter  into  union  by  indirect  meana^  >a&d  form  a  sub- 
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itance  possessed  of  very  remarkable  properties^  and  which 
has  been  called  chhrid  of  nitrogen. 

It  may  be  prepared  by  passing  a  stream  of  chlorine, 
through  a  solution  of  any  ammoniacal  salt,  or  through 
that  of  ammooia  itself,  which  is  a  compound  of  hydro- 
gen and  nitrogen.  A  preferable  mode  of  preparing  it, 
is  to  fill  a  common  soup-plate  with  a  solution  of  muriate 
of  ammonia,  heated  to  about  100,  and  over  this  is  to  be 
placed  a  jar  of  chlorine  gas,  resting  on  a  piece  of  lead, 
with  a  depression  in  it  to  collect  the  product.  The  gas 
slowly  disappears,  and  a  thin  film  of  a  brown  oily4ook- 
ing  fluid  is  formed  on  the  surface  of  the  solution,  and 
collecting  into  globules,  falls  into  the  leaden  cup.  In 
this  experiment  all  the  apparatus  must  be  perfectly  dean, 
particularly  free  from  any  greasy  matter,  and  the  aetion 
must  be  allowed  to  go  on  slowly  When  prepared,  the 
jar  must  be  removed,  and  experiments  performed  on  it 
in  the  cup ;  or  it  may  be  got  pure,  by  drawing  off  the 
water  cautiously,  with  a  little  bibulous  paper ;  but  Cor 
most  experiments  there  is  no  necessity  for  this. 

Chlorid  of  azote,  was  discovered  by  Dulong  in  1811^ 
(Ann.  de  Chim.  v.  85.)  who  was  severely  injured  faj  Itf 
so  much  so,  as  to  prevent  him  prosecuting  the  invcatifgft- 
tibn  of  its  properties.  Davy,  who  had  been  previously  in* 
formed  of  this  discovery,  ^terwards  prepared  it,  and  ex* 
amined  a  few  of  its  qualities,  (Ph.  Tr.  1813.)  ;  but  the 
fullest  account  of  it  yet  published,  is  by  Forret,  TSStk^ 
and  Wilson,  (Nicolson^s  Journal,  March  1818.) 

It  is  a  brownish  oily-looking  fluid,  of  specific  gravity 
about  1658.  It  has  a  peculiar  penetrating  odour,  and 
evaporates  quickly  on  exposure  to  the  atmosphere.  In 
vacuo  it  speedily  passes  ofi*  in*  vapour,  and  is  again  con- 
densed as  air  is  admitted.  By  the  application  of  caloric 
to  it  iu  close  vessels,  it  evaporates  at  160,  and  at  a  little 
below  212,  it  explodes  with  tremendous  force,  the  pro- 
ducts being  chlorine  and  nitrogen.  It  has  been  subject- 
ed to  a  temperature  -—16,  without  congealing.  When 
left  in  water  it  aqou  disappears*  and  iixotc  ui  generated. 

The  most  remarkable  property  of  chlorid  of  azote,  is 
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its  pradigiouQ  exploding  power  when  touched  with  any 
oily  matter,    the    smallest   quantity   acting  with   such 
&rce  as  to  break  the  vessels,  if  of  glass  or  earthenware. . 
The  safest  mode  of  exploding  it,  is  to  keep  it  on  the 
leaden  cup,  and  after  removing  this  from  theplaie^  with- 
QQt  drawing  off  the  water,  to  touch  it  with  a  piece  of 
Gfuie  dipt  in  oil,  and  held  loosely  in  the  hand.     The  pro^ 
duct  of  the  action  of  8  or  10  ounce  measures  of  chlorine , 
and  which  will  afford  a  globule  of  about  the  size  of  the 
fourth  of  a  garden  pea,  is  sufficient ;  indeed  it  is  danger- 
ous to  use  more.     This,  and  the  ease  with  which  it  is  de- 
composed by  heat,  shew  the  necessity  of  extreme  caution 
when  experimenting  with  it ;  indeed,  the  operator  ought. 
always  to  wear  a  mask,  as  even  with  all  precautions,  it 
sometimes  explodes  without  any  apparent  cause. 

It  is  also  easily  exploded  by  other  bodies,  as  phospho* 
fuSy  turpentine,  caoutchouc,  and  many  other  compound 
inflammaUes.    Metals  and  resins  have  no  action  with  it. 

It  has  been  already  mentioned,  that  the  only  products 
of  its  explosion  are,  according  to  Davy,  chlorine  and  nu 
trogen ;  but  Porreti  Kirk,  and  Wilson,  assert  that  it 
ffwitaim  also  a  little  hydrogen,  which  acts  as  a  medium 
of  pombination  o{  the  others.  Davy  succeeded,  however, 
in  decomposing  it  by  mercury,  which  absorbs  the  chlo« 
zine^  and  disengages  the  nitrogen. 

Ffom  theses  and  other  experiments,  it  is  considered  a 
compound  of 

4  vols,  chlorine, 
1  cusote. 

Its  component  parts,  by  weight,  must  therefore  be, 
sp.  gr.  ch.  X  4  =  10,000  +  sp.  gr.  az.  =  972. 
And  as  972  :  10,000  : :  17.5 :  180 

And  —J-  =  45. 

So  that  it  is  a  compound  of 

1  atom  azote,  -  17.5 

4  atoms  chlorine,       -      180. 


And  its  atomic  weight  Is     197.5 
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Considering  this  as  its  composition,  we  can  easily  ac« 
count  for  its  formation.  Ammonia,  it  has  been  mention- 
ed, is  a  compound  of  nitrogen  and  hydrogen,  in  the  ratio 
of  1  atom  of  the  former  to  3  of  the  latter.  'If  we  sup- 
pose, then,  that  7  atoms  of  chlorine  are  employed,  S  of 
these  will  unite  with  the  S  of  hydrogen  to  generate  muri- 
atic  acid,  while  the  remaining  4  will  combine  with  the  1 
of  nitrogen  to  produce  the  chlorid. 

Pbotochlobid  and  Febchlorid  of  Phosphobus. 

Chlobinb  combines  with  phosphorus,  and  forms  two 
compounds. 

When  a  small  piece  of  phosphorus  is  introduced  into 
a  jar  of  chlorine,  it  immediately  takes  fire,  and  bums 
with  a  feeble  flame.  A  white  substance  is  formed,  which 
in  general  adheres  to  the  vessel.  If  the  phosphorus  be 
in  larger  quantity,  a  fluid  is  also  produced,  which  tricklev 
down  the  sides ;  the  latter  is  the  protochlorid,  the  former 
perchlorid. 

Percklorid  of  Phosphorus y  the  concrete  matter  formed 
by  the  combustion  of  phosphorus  in  chlorine,  is  white 
and  very  volatile,  rising  in  vapour  at  a  temperature  be- 
low 218.  When  thrown  into  water,  both  are  decompos- 
ed,  the  hydrogen  uniting  with  the  chlorine,  and  the  phot- 
phorus  with  the  oxigen,  and  muriatic  and  phosphoric 
adds  are  the  products  *.  According  to  Davy,  100  of 
phosphorus  combine  with  600  of  chlorine,  by  weight,  in 
the  formation  of  this  chlorid :  now 

100:600::  16:90,  «nd$  =  45. 
So  that  it  is  composed  of 


*  It  may  be  coniidend  as  a  general  rale,  that  when  a  dilorid  ditappean  ca 
being  thrown  into  water,  Ae  hydrogen  imtter  wUh  the  chlorine  to  form  tmtrutm 
$ie  aeid^  oni  the  ojrigen  ^pith  the  other  eubttanee  to  generate  either  an  amd  or 
on  avid,  jvBt  ai  that  nibftance  will  form,  by  its  union  with  ozigen,  an  waAtawak 
Olid.  If  an  oiid  1m  produced,  it  opUcf  with  the  muriatio  Mid,  and  fonna  a 
salt  called  a  Muriaie* 


^1 
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Phosphorus  1  atomy  15. 

Chlorine       2  atoms,       ;.    80' 

and  its  atomic  weight  will  be  105 
Though  Proiochhrid  of  Fhosphorua  can  be  procured 
by  the  direct  union  of  its  ingredients,  a  better  mode  of 
preparing  it  is  that  pointed  out  by  Davy^  (Phil.  Tr. 
18l£.)  which  consists  in  passing  the  vapour  of  phosjAo- 
nis  over  corrosive  sublimate,  or  perchiorid  of  mercury, 
(a  compound  of  1  atom  of  mercury  and  2  of  chlorine,) 
by  which  the  phosphorus  unites  with  1  atom  of  the  chlo- 
rine to  form  the  protochlorid,  leaving  the  mercury  still 
in  union  with  the  other.  The  product  is  a  transparent 
odourless  fluid,  of  sp.  gr.  1450.  It  may  be  kept  any 
length  of  time  in  close  vessels  without  undergoing  a 
change,  but  on  exposure  to  air,  part  flies  off,  and  leases 
phosphorus  behind.  It  dissolves  phosphorus,  and  on  ex- 
posing the  solution  to  air,  it  is  also  quickly  evaporated, 
and  the  phosphorus  left  is  inflamed ;  and  hence  its  ui|e.  as. 
a  means  of  affording  light.  When  thrown  into  water^ 
both  are  decomposed,  and  miudatic  and  phosphorous  acids 
are  formed. 

Protochlorid  of  phosphorus  contains  exactly  half  the 
quantity  of  chlorine  that  exists  in  the  former ;  so  that  it 
18  composed  of 

Phosphorus  1  atom,        15 
Chlorine        1  atom,         45 

and  its  atomic  weight  is  60 
In  the  decomposition  of  water  by  the  chlorids  of  phos- 
phorus, the  products  must  of  course  vary  according  to 
the  proportions  of  the  ingredients.  When  protochlorid 
is  used,  as  it  and  the  water  contain  an  atom  of  each  of 
their  ingredients,  they  will  again  combine,  atom  to  atom, 
the  hydrogen  and  the  chlorine  to  form  muriatic  acid,  the 
phosphorus  and  oxigen,  phosphorous  acid,  or  the  com« 
pound  with  the  smallest  proportion  of  oxigen.  When 
perdhlprid  is  used,  which  contains  2  atoms  of  chlorine  in 
union  with  1  of  phosphorus,  a  compound  of  phosphorus. 
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with  double  the  quantity  of  oxigen,  must  be  generated, 
because  the  two  of  chlorine  will  take  two  of  hydrogen  to 
form  two  atoms  of  muriatic  acid,  thus  decomposing  8 
atoms  of  water,  and  by  which  2  of  oxigen  will  be  disen- 
gaged, to  unite  with  the  phosphorus  to  produce  phos- 
phoric acid. 

Though  chlorine  acts  with  such  ease  on  inflammablea 
in  general,  it  is  remarkable  that  there  is  no  action  be* 
tween  it  and  charcoal,  provided  they  are  pure,  particu* 
larly  free  from  water.  Even  at  a  high  temperature  thejr 
do  not  act.  Thus,  in  passing  the  gas  through  an  incan* 
descent  tube,  stuffed  with  charcoal,  it  comes  out  un- 
changed ;  or  if  a  piece  of  charcoal,  in  a  state  of  combua* 
tion,  be  put  into  the  gas,  it  is  instantly  extinguished* 
Though  they  do  not  unite  directly,  yet  they  can  be  made 
to  enter  into  union  by  indirect  meansf,  and  form 

CsLOBins  OF  Cabbov. 

When  chlorine  and  olefiant  gas,  or  bi-hydroguret  of 
carbon,  are  mixed  over  water,  they  gradually  disappear, 
and  an  oily-looking  fluid  collects  on  the  surface,  from 
which  circumstance  the  latter  has  derived  its  name.  Tn 
performing  this  experiment,  there  should  be  rather  less 
chlorine  than  of  the  other,  because,  when  in  excess,  it  is 
apt  to  dissolve  the  product. 

Mr  Faraday  has  made  this  substance  the  subject  of 
investigation,  and  shewn  that  a  chlorid  of  carbon  can  be 
got  from  it,  (Ph.  Tr.  1821.)  He  supposes  that  it  is  a 
compound  of  chlorine,  carbon,  and  hydrogen,  the  two 
last  derived  from  the  olefiant  gas  ;  and  that,  by  adding 
more  chlorine,  it  unites  with  the  hydrogen,  and  leaves 
the  others  in  union.  For  preparing  the  chlorid,  chlorine 
and  olefiant  gases  are  thrown  in,  one  after  the  other,  into 
an  exhausted  flask,  till  a  sufficient  quantity  of  the  fluid 
is  collected ;  taking  care  to  leave  an  excess  of  the  former, 
so  that,  on  exposure  to  the  sun's  rays,  it  will  unite  with 
the  hydrogen,  and  form  muriatic  acid,  which  will  be  alv 
sorbed  on  the  admission  of  a  littlp  water.    Minute  cryih 
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Uh  of  Ae  cfalocid  are  gi«dually  fonned,  which  may  be 
purified  by  sublimation,  then  dissolving  it  in  alcohol^  aad 
adding  potassa  to  remove  any  adhering  muriatic  acid, 
and  by  which,  at  the  same  time,  it  is  precipitated. 

The  substance  thus  prepared,  and  which  is  a  perchlorid^ 
is  a  whitish  powd^,  of  the  sp.  gr.  about  9000*  It  fuses  at 
820,  and  boils  at  S60 ;  and  on  becoming  solid  it  assumes 
a  crystalline  appearance.  When  heated  in  oxigen  gas,  it 
bums  with  brilliancy.  It  is  decomposed  by  sulphur  and 
phospboTus,  which  unite  with  part  of  its  chlorine. 

Faraday  succeeded  in  decomposing  it,  by  passing  it 
SPTcr  perozid  of  oc^per,  and  from  his  experiments  he 
eondades  that  it  is  composed  of 

Carbon        10.7 

Chlorine      89.3 
And  10.7:89.3::  15:135 

But  ¥  =  7.6,  and  IP  =  46. 

Praai  wbioh  it  appears  to  be  c(»nposed  of 

8  atoms  of  chlorine        -        135 
2  atoms  of  carbon  •  15 

Its  atomic  weight  being  150 

When  this  perchlorid  is  passed  through  an  incandea- 
aent  tube,  etuffed  with  pieces  of  rock  crystal,  it  is  deconi>- 
poicd,  part  of  the  chlorine  is  given  off,  and  the  remain- 
11^  ingredients  are  left  in  union,  and  come  over  in  the 
^Min  of  a  transparent  colourless  fluid,  the  sp.  gr.  of  which 
is  165S.  It  is  inscduble  in  water,  but  is  dissolved  by  al- 
cbhoL  By  the  application  of  heat,  it  evaporates  at  about 
160. 

It  is  composed  of 

1  atom  chlorine,         45.     or    85.7 
1  atom  carbon,  7.5  or    14.3 


Its  atomic  weight  being     52.5         100. 
There  is   still  another  compound  of  carbon  and  chlo- 
rine, which  was  discovered  by  Julin,  (An.  of  Phil.  N.  8. 
i.)  when  distilling  lutric  acid  from  a  mixture  of  crude 
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nitre  and  sulphate  of  iron.     According  to  Faraday,  it  is 
composed  of 

1  atom  chlorine,  4ff 

S  atoms  carbon,  15 

And  its  atomic  weight  is  60 
But  its  proportions  have  not  been  examined  *. 

Chlobo-Cabbonic  Gas. 

■ 

Chlobike  acts  easily  with  carbonic  oxid.  Provided 
they  are  exposed  to  sunshine,  a  gaseous  fluid  is  formed, 
which  was  discovered  by  Dr  Davy,  and  called  by  him, 
Phosgene  G(My  from  its  being  procured  by  the  action  of 
light.  It  is  prepared  by  receiving  into  an  exhausted 
flask  equal  parts  of  well-dried  chlorine  and  carbonic 
oxid,  and  exposing  them  to  sunshine, '  by  which  they 
combine,  and  form  a  compound  occupying  half  the 
original  bulk  of  the  gases. 

It  is  a  transparent  odourless  gas,  having  a  pu9geDt 
odour,  and  being  very  irritating  to  the  eyes.  Its  specific 
gravity  must  be  3472. 

Chlorine  2600  +  Carb.  Ox.  972  =^  8472. 

Water  absorbs  it,  but,  at  the  same  time,  decompoaes 
it,  forming  carbonic  and  muriatic  acids,  the  atom  of  hy- 
drogen uniting  with  the  chlorine,  and  the  oxigen  with  the 
oxid.  Though  this  gas  was  called  by  its  discoverer  Phos- 
gene Gas,  yet  others  are  inclined  to  consider  it  an  acid, 

*  In  the  oompounds  of  dilorine  and  carbon,  we  ha^e  an  flbutratkii  of  the 
lemarks  made  (p.  155.)  with  respect  to  subftancei  combining  apparently  not  in 
multiple  proportioDt.  In  the  cUorid  diioofered  by  Julin,  the  ingredicDti  an 
atom  to  atom ;  in  that  obtained  by  the  action  of  dilorine  on  olcfiant  gas,  Aey 
are  2  to  3,  and  in  the  other  1  to  2 ;  so  that  they  are, 

1st,  Carbon    7.5  Chlorine    45. 

2d,     Do.       7.5  Da        67.5 

3d,     Do.       7.5  Do;        90. 

Now  the  chlorine  in  the  second  is  not  a  multiple  of  that  in  Ae  first;  but  It  if 
probable  that  this  is  a  compound  of  1  atom  of  piolodikiid,  and  1  atom  psMblo* 
rid ;  so  that,  when  analyacd,  it  will  yidd  2  of  carbon  and  3  of  dilorine,  and 
which  makes  it  appear  to  contain  1  to  !{. 

•If  this  ?iew  of  iu  compositioii  if  eonect,  the  compouads  uf  cblorlne  imd  av« 
bon  are  not  execptioiif  to  die  role  of  muHipia  pfopoctaifb 
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and  propose  to  call  it  Chbro-Carbonic  Add,  If  bo,  it 
may  probably  belong  to  the  class  of  acids  containing 
compound  bases,  as  cyanogen  and  xanthogen,  the  chlo- 
rine and  carbon  in  union  acting  as  the  radical ;  but  our 
knowledge  of  its  properties  is  too  limited  to  warrant  any 
conclusion  of  the  kind. 

Chlobid  of  Sulphur. 

When  sulphur  is  put  into  chlorine  gas,  there  is  little 
or  no  action  at  a  natural  temperature ;  but  on  the  appli- 
cad(Hi  of  heat,  it  rises  in  vapour,  and  is  condensed  in  the 
form  of  a  reddish  powder.  To  cause  them  to  unite,  the 
gas  must  be  passed  through  the  sulphur  in  the  state  of 
flowers,  by  which  a  liquid  is  formed,  of  a  reddish  brown 
eolour  when  viewed  with  reflected  light,  but  yellowish 
with  transmitted  light.  Its  specific  gravity  is  1623.  It 
is  volatile,  and  exhales  a  pungent  irritating  vapour.  Its 
taste  is  bitter,  causing  a  tickling  sensation  in  the  throat- 
When  thrown  into  water,  sulphur  is  deposited,  and  sul* 
phurous  and  muriatic  acids  are  formed,  the  hydrogen 
uniting  with  the  chlorine,  and  the  oxigen  with  the  re- 
mainder of  the  sulphur.  This  substance,  though  at 
first  considered  by  Thomson,  who  discovered  it,  as  a  com- 
pound of  sulphur  and  muriatic  acid,  is  now  allowed  to 
be  a  chlorid.of  sulphur. 

Davy  found  that  100  of  sulphur  absorbed  SOO  cubic 
inches  of  chlorine,  weighing  228.7  grains. 

And  as  100 :  228.7 : :  20 :  45.7. 
So  that  we  may  consider  it  composed  of 

1  atom  of  chlorine,  45 

1  atom  of  sulphur,  20 

Hence  its  atomic  weight  is  65 
Chlorine  was  recommended  by  Morveau  for  destroying 
the  virulence  of  contagious  effluvia ;  for  which  purpose, 
when  the  apartments  are  empty,  it  may  be  employed  with 
great  efficacy,  but  from  its  irritating  nature,  it  is  impossi- 
ble to  use  it  when  the  sick  are  in  them.  It  is  now,  however, 
employed  in  union  with  lime  for  this  purpose.  (See  Lime.) 
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Its  solution  in  water  has  been  recommended,  and  ii 
said  to  be  used  with  the  utmost  success,  in  scarlet  fever. 
From  its  remarkable  property  of  destroying  colour,  it  ia 
now  much  employed  in  bleadiing  ;  but  for  this  purpose^ 
it  is  always  in  a  state  of  combination  with  lime.  (See 
Lime.) 

In  explaining  the  actions  of  chlorine  with  other  sub- 
stances, it  has  been  all  along  considered  as  a  simple  body, 
entering  into  imion  with  others,  and  forming  either  acids 
or  chlorids.  It  has  been  already  mentioned,  that  another, 
opinion  is  still  entertained  with  respect  to  its  composi- 
tion.  It  is  supposed  that  muriatic  acid  is  a  compound 
of  a  base  not  yet  discovered,  and  oxigen,  and  that  Ghli>> 
rine  may  be  a  compound  of  this  acid  with  an  additional 
proportion  of  oxigen,  and  hence  its  name,  oximuriatic 
add.  If  so,  we  can  easily  account  for  its  action  witb 
other  substances.  Those  compounds  called  chlorids  hf 
the  supporters  of  the  new  doctrine,  must  be  considered 
by  the  others  as  containing  muriatic  acid^  and  a  con^ 
pound  of  oxigen  and  the  Ixxiy  presented  to  the  action 
ct  the  gas.  Thus,  whea  sulphur  and  the  gas  act,  tha 
sulphur  unites  with  the  excess  of  oxigen,  to  form  sul* 
pburic  acid,  while  the  gas,  deprived  of  its  excess  of  cad^ 
gen,  becomes  muriatic  acid. 

When  the  gas  and  hydrogen  are  mixed,  by  whidi,  aor 
cording  to  the  new  doctrine,  there  is  merely  combina- 
tion and  generation  of  muriatic  acid ;  according  to  the 
old  one,  the  gas  parts  with  its  excess  of  oxigen  to  the 
hydrogen  to  form  water,  and  muriatic  acid  is  left,  with 
which  the  water  unites.  Should  the  substances  present- 
ed to  the  gas  form  an  oxid,  then  by  its  union  with  the 
excess  of  oxigen  the  oxid  is  produced,  which  com-^ 
bines  with  the  muriatic  acid,  and  generates  a  muriate. 
Again,  when  the  gas  is  acted  on  by  a  compound  inflam- 
mable, as  olefiant  gas,  part  of  the  excess  of  oxigen  must 
unite  with  the  hydrogen  to  generate  water,  another  part 
with  the  carbon  to  form  carbonic  acid,  while  by  the  loss 
of  the  oxigen,  muriatic  acid  is  produced ;  so  that  the 
compound,  chlmd  of  carbon  of  the  new^  is  muriatic  and 
carbonic  acid  of  the  old  doctrine. 
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lomNE  was  diaoovered  by  M.  Courtois,  a  manufae^ 
turer  of  saltpetre  in  France,  while  endeavouring  to 
atoertain  the  cause  of  the  erosion  of  the  iron  vessels 
employed  in  the  process  for  extracting  alkaline  matter 
from  kelp.  He  gave  some  of  it  to  Clement,  who  examin- 
ed it,  and  read  an  account  of  it  to  the  French  Institute 
in  1813.  Its  properties  were  afterwards  more  fully  in- 
vestigated by  Gay  Lussac  and  Yauquelin,  (An.  de 
Chimie,  90,  91.)  and  by  Sir  H.  Davy,  (Phil.  Tr.  1814.) 

It  has  received  its  name  from  mim,  violaceous^  the 
eokyar  of  its  vapour.  It  is  always  procured  from  kelp, 
die  product  of  the  combustion  of  sea-weed,  and  in  which 
it  exists  in  union  with  hydrogen,  forming  an  acid  now 
called  hydriodic  acid.     (See  Hydriodate  tfPoUus.) 

Iodine,  as  usually  procured,  is  in  the  form  of  small  thin 
plates,  of  a  dark  colour,  and  metallic  splendour,  some- 
what resembling  black  lead.  It  has  a  pungent  disagree* 
aUe  odour,  similar  to  that  of  chlorine,  and  an  acrid 
taste.  Its  specific  gravity  is  4946,  and  its  atomic  weight 
156.  It  is  a  non-conducter  of  electricity.  When  put 
on  the  skin  it  leaves  a  brown  stain,  but  which  disappears 
in  the  course  of  a  short  time.  Like  chlorine,  it  has  the 
power  of  destroying  colours,  though  in  a  much  less  de- 
gree. It  is  very  sparingly  soluble  in  water,  requiring 
about  7000  parts  at  a  natural  temperature.  The  solu- 
tion is  of  a  brown  colour,  and  has  the  peculiar  odour  of 
the  iodine  itself. 

When  iodine  is  exposed  to  heat  it  melts  at  225,  and  at 
850  it  passes  into  the  state  of  vapour  of  a  beautiful  violet 
colour,  and  which  condenses  in  the  cool  part  of  the  ap- 
paratus in  slender  dendritic  crystals.  This  experiment 
is  most  easily  performed  by  putting  a  few  grains  of  the 
substance  into  a  flask,  which  may  be  then  tightly  corked 
and  held  over  a  chauffer  so  as  to  heat  the  whole  of  it ; 
and  as  there  is  no  waste,  the  conversion  into  vapour  may 
be  repeated  as  often  as  we  please. 
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The  specific  gravity  of  the  yapour  is  8611,  compared 
to  air  as  1000,  at  the  usual  pressure  and  temperature. 

Iodine  has  no  direct  action  with  oxigen ;  it  does  not 
even  unite  with  it  when  heated  in  it ;  but  they  can  be 
made  to  combine,  and  form  compounds  possessed  of  acid 
properties,  which  will  be  afterwards  described.  The 
same  is  the  case  with  hydrogen,  the  union  being  effected 
by  indirect  means,  and  by  which  acid  compounds  are 
formed. 

lODID  OF  NiTEOGEN. 

When  iodine  is  kept  in  nitrogen,  they  do  not 
unite ;  but  by  exposing  it  to  the  action  of  substances 
containing  it,  a  detonating  compound  can  be  formed. 
For  this  purpose,  a  few  grains  of  iodine  are  put  into 
water  of  ammonia,  which  consists  of  hydrogen  and 
nitrogen,  and  which  is  gradually  decomposed,  the  iodine 
and  nitrogen  uniting  to  form  an  iodid.  Or  it  may  be 
procured  by  using  chlorid  of  iodine,  instead  of  pure 
iodine,  by  which  there  is  a  double  decomposition,  the 
chlorine  combining  with  the  hydrogen  of  the  ammonia^ 
to  form  muriatic  acid,  and  the  iodine  with  the  nitrogeoy 
to  generate  the  chlorid.  After  it  is  formed,  the  fluid 
must  be  poured  on  a  filter,  on  which  the  iodid  can  be 
collected,  and  dried  by  exposure  to  air. 

Iodid  of  nitrogen,  as  thus  procured,  is  a  powder  of  a 
brownish  colour,  which,  on  exposure  to  air,  flies  off  in 
vapour.  When  subjected  to  heat,  it  detonates,  though 
feebly ;  and  if  the  experiment  be  performed  in  an  ex- 
hausted flask,  the  only  products  are  iodine  and  nitrogen, 
but  the  proportions  have  not  yet  been  ascertained. 

Iodid  of  Phosphobus. 

Iodine  combines  with  phosphorus,  and  forms  an  iodid. 
To  procure  it,  1  of  phosphorus  is  mixed  with  10.5  of 
iodine  in  a  small  tube.  They  combine,  at  the  same  time 
giving  out  heat,  and  a  brown  matter  is  formed,  which 
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fiues  at  SlSy  and  flies  off  in  vapour^  at  a  temperature  a 
little  higher.  When  thrown  into  water,  there  is  a  dou- 
ble decomposition,  and  hydriodic  and  phosphorous  acids 
are  produced,  so  that  the  hydrogen  unites  with  the  iodine, 
and  the  oxigen  with  the  phosphorus.  If  double  the 
quantity  of  iodine  be  employed,  the  union  is  also  attend- 
ed with  the  evolution  of  caloric,  and  a  dark-coloured 
compound  is  formed,  which  is  likewise  decomposed  by 
water,  hydriodic  and  phosphoric  acid  being  the  products. 

loDiD  OF  Sulphur. 

Iodine  easily  unites  with  sulphur.  The  union  may  be 
effected  by  heating  them  together  in  a  tube,  by  which, 
when  the  sulphur  is  melted,  a  substance  of  a  dark  grey 
colour  is  formed,  which  is  decomposed  by  heat,  the  iodine 
bdng  driven  off  in  vapour.  When  thrown  into  water,  it 
is  decomposed,  and  iodine  is  deposited.  The  proper* 
tioos  of  its  ingredients  have  not  been  ascertained. 

Chlorid  of  Iodine. 

When  iodine  is  put  into  chlorine  gas,  there  is  a  gra-t 
dual  absorption,  and  production  of  a  dark-coloured  com- 
pound,  which,  when  thrown  into  water,  forms  a  brown 
solution,  but  which  by  the  transmission  of  chlorine  gas 
becomes  colourless.  Some  have  supposed  that  the  com- 
pound thus  formed,  is  an  acid,  and  have  given  it  the  name 
otcUoriodicacid;  while  others  maintain  that  it  is  an  iodid, 
and  that  when  thrown  into  water  there  is  a  double  de- 
eomposition,  the  iodine  uniting  with  the  oxigen  to  form 
iodic  acid,  and  the  hydrogen  with  the  chlorine  to  ge- 
nerate muriatic  acid.  This  opinion  is  strengthened  by 
the  fact,  that  when  the  solution  is  treated  with  salifiable 
bases,  salts  containing  iodic  acid  are  formed. 

Iodine  acts  in  a  peculiar  way  with  sulphuret  of  car- 
bon. YiThen  its  solution  is  added  to  the  sulphuret,  glo- 
bules of  a  pink«^x>loured  fluid  are  formed,  which  fall  to 
the  bottom  of  the  glass,  and  at  the  same  time  the  colour 
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of  the  iodine  solution  disappears.  The  nature  of  this 
Aubstance  has  not  yet  been  ascertained,  but  the  action  is 
important,  as  affording  an  excellent  test  of  the  presence 
of  iodine,  provided  of  course  it  is  in  its  uncombined 
state. 

Iodine  acts  also  with  starch.  When  their  solutions 
are  mixed,  a  blue  precipitate  is  formed,  but  which  is  re- 
dis^olved  if  the  starch  is  in  excess.  The  ease  with  which 
these  substances  act,  affords  another  excellent  test ;  in- 
deed  it  is  so  delicate,  that  the  fluid  will  acquire  a  blue 
tinge,  though  it  does  not  contain  more  than  l-450,000th 
part  of  iodine,  and  provided  it  is  in  its  uncombined  state. 
It  frequently  happens,  however,  that  iodine  exists  in 
combination,  as  in  the  form  of  an  acid ;  and  when  this  is 
the  case,  the  starch  will  not  act  on  it,  but  it  may  be  made 
to  do  so  by  the  addition  of  other  re-agents.  Suppose  it 
in. this  state,  the  solution  must  be  mixed  with  that  of 
starch,  after  which  an  aqueous  solution  of  chlorine  is  pous- 
ed  on  cautiously,  so  as  to  keep  it  floating  on  the  otbei^ 
and  in  the  course  of  a  short  time,  a  blue  tinge  appears 
where  the  fluids  are  in  contact,  the  chlorine  depriving 
the  iodine  of  the  substance  with  which  it  was  in  union^ 
and  thus  enabling  the  starch  to  act  on  it. 

Another  method  of  detecting  iodine  with  starch,  is  by 
the  action  of  sulphuric  acid.  When,  for  instance,  it  is 
in  such  a  state  of  combination  that  the  starch  does  not 
act  on  it,  a  drop  of  sulphuric  acid,  by  depriving  it  of  the 
substance  with  which  it  is  combined,  sets  it  at  liberty, 
and  it  then  unites  with  the  starch  to  form  the  blue  com^ 
pound  by  which  we  have  an  indication  of  its  presence. 

Iodine,  it  has  been  already  mentioned,  is  always  pro* 
cured  from  kelp,  the  product  of  the  combustion  of  sea- 
weed, in  which  it  exists  as  an  acid,  in  union  with  an  al- 
kali. It  has  been  found  also  in  sea  water,  and  in  diffe^ 
rent  marine  productions,  as  sponge,  coral,  and  shells  of 
mollusca.  It  has  likewise  been  detected  in  small  quna- 
tity,  in  different  mineral  sulphureous  waters.  It  is  not. 
put  to  any  particular  use,  excepting  as  a  cure  for  scro- 
fulous diseases,  in  which  it  is  generally  administered,  in 
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•Mudly  in  the  form  of  tincture^  and  externally  aa  in 
ointment.. 


SELENIUM. 

Thx  sulphur  procured  from  the  pyrites  of  Fahlun  in 
Sweden,  when  employed  in  the  preparation  of  oil  of  vi- 
tridl,  was  observed  to  leare  a  reddish  brown  matter, 
iridch  was  supposed  to  contain  arsenic,  but  Berzelius, 
Airing  his  inyestigation  into  its  properties,  discovered 
-ftat  it  eontained  a  substance  of  a  peculiar  nature,  to 
which  he  gave  the  name  of  Seknium^  (An.  of  Phil,  xiii.) 
It  has,  however,  as  yet  been  obtained  in  very  small  quan- 
tity, ao  that  we  are  not  much  acquainted  with  its  proper- 
ties. 

Selenium  differs  in  its  appearance,  according  to  the 
mode  of  preparing  it.  After  being  fused,  it  has  a  deep 
bfown  colour,  and  metallic  lustre.  When  reduced  to 
.powder,  it  is  cinnabar  red,  but  during  the  pulverization 
it  sticks  together  and  becomes  grey.  Its  specific  gravity 
is  4840.  Its  atomic  weight,  according  to  Thomson,  is 
M.  It  is  a  bad  conductor  of  caloric,  and  of  electricity. 
When  heated  to  S12,  it  becomes  semifluid,  and  at  a  few 
degtces  higher  is  liquefied.  If  it  be  allowed  to  cool 
slosrly,  it  again  becomes  of  a  sofdsh  consistence,  in  which 
state  it  can  be  drawn  into  threads,  and  beat  out  to  plates. 

When  heated  in  close  vessels,  it  passes  off  in  vapour, 
father  darken  than  that  of  chlorine,  and  which  condenses 
ia  the  cool  part  of  the  apparatus,  either  in  the  form  of 
dark-coloui^d  drops,  or  in  Jlowers  of  a  cinnabar  colour, 
according  as  it  is  cooled. 

When  heated  in  large  vessels  full  of  air,  a  vapour, 
having  the  odour  of  horse-radish,  is  formed,  which  is  a 
mixture  of  two  compounds  of  selenium  and  oxigen,  the 
one  an  axidj  the  other  an  (Mcid.  To  procure  the  former, 
the  gaseous  matt^  generated  by  the  heat  must  be  wash. 
ad  with  watet^  by  which  t)ie  latter  is  absorbed,  the  oxid 
being  but  ifMiringly  soluble  in  it.     Its  properties  have 
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not  been  examined.     The  other  compound  will  be  de« 
scribed  with  the  acids. 

Selenium  enters  into  union  with  hydrogen,  and  forms 
a  compound  called  selenuretted  hydrogen ;  but  as  it  is  an 
acid,  it  will  be  afterwards  described. 

Phosphubet  of  Selenium. 

Selenium  unites  with  phosphorus,  and  forms  a  plios- 
phuret,  which  may  be  procured  merely  by  heating  than 
together,  excluded  from  air.  The  compound  is  fusible, 
having  a  dark  colour,  and  vitreous  aspect  When  digest- 
ed in  water,  like  other  phosphurets  it  is  decomposed,  tbe 
oxigen  uniting  with  the  phosphorus,  and  the  hydrogen 
with  the  selenium,  to  form  phosphoric  acid,  and  selenu- 
retted hydrogen. 

SULPHUBET  OF  SeLENIUM. 

Selenium  unites  also  with  sulphur,  merely  by  fusion, 
but  it  is  difficult  to  procure  the  sulphuret  pure  in  this 
way.  It  is  more  easily  obtained  by  passing  a  stream  of 
sulphuretted  hydrogen  through  a  solution  of  selenic  acid, 
by  which  the  hydrogen  and  oxigen  unite  to  form  water, 
and  the  selenium  and  sulphur  to  generate  a  sulphuret, 
which  requires  to  be  washed  with  a  little  muriatic  acid. 

The  sulphuret  thus  formed  is  fusible  at  a  tempera- 
ture below  that  of  boiling  water,  and  by  the  application 
of  a  stronger  heat  is  volatilized,  but  without  decomposi- 
tion, provided  air  is  excluded.  If  it  is  present,  the  sul- 
phur is  burned,  and  the  odour  of  horse-radish  is  per- 
ceptible, from  the  union  of  the  selenium  with  oxigen* 

Chlobid  of  Selenium. 

When  selenium  is  put  into  chlorine,  its  temperature  is 
elevated,  there  is  a  gradual  absorption  of  the  gas,  and  a 
brown  liquid  is  formed,  which  becomes  white  and  solid 
as  the  absorption  proceeds.     It  is  chlorid  of  selenium. 
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When  heated  in  contact  with  an  additional  proportion 
«of  the  latter,  a  yellowish  fluid  is  formed,  which,  when 
thrown  into  water,  deposits  selenium,  and  muriatic  and 
•elenic  acids  are  generated,  the  former  by  the  union 
oi  the  chlorine  and  hydrogen,  the  latter  by  that  of  the 
•denium  and  oxigen. 

The  method  followed  by  Berzelius  for  procuring  sele- 
nium, consisted  in  boiling  the  matter  containing  it  in 
nitio-muriatic  acid,  by  which  it  was  converted  into 
■elenic  acid,  and  then  passing  sulphuretted  hydrogen 
gat  through  the  solution,  to  throw  it  down  in  the  state 
of  sulphuret,  from  which,  by  a  very  complicated  process, 
ielcnium  was  procured.  A  more  easy  mode  of  preparing 
it  has  been  pointed  out  by  Lewenau,  (An.  of  PhiL  N.  S. 
viii.)  It  consists  in  repeatedly  digesting  the  Fahlun 
sulphureous  matter  with  nitro-muriatic  acid,  and  distil- 
ling nearly  to  dryness ;  dissolving  the  residue,  which  is 
•denic  acid,  in  water,  and  mixing  with  the  solution  the 
lalt  called  sulphite  of  ammonia^  which,  by  its  attraction 
Sat  oidgeiD,  deprives  the  acid  of  it,  and  deposits  sele- 
nium. 

Fiom  what  has  now  been  said  of  the  properties  of  sele- 
niam,  it  will  be  observed,  that  though  Berzelius,  when 
he  duoovered  it,  placed  it  among  the  metals,  it  is  more 
■early  allied  to  sulphur,  and  hence  I  have  chosen  to 
nnk  it  in  the  class  of  bodies  acidifiable  by  oxigen  and 
hydrogen. 

FLUORINE. 

Whxn  sulphuric  acid  is  added  to  the  mineral  called 
Derbjfshire,  or  Fluor  Spar^  a  gaseous  substance  is  given 
off,  which,  so  early  as  the  year  1670,  was  remarked  to  cor- 
rode glass.  This  elastic  fluid,  when  found  to  be  possessed 
of  acid  properties,  was  considered  to  be  similar  in  its  com- 
position to  other  acids,  that  it  contained  a  base  in  union 
with  oxigen ;  but  all  attempts  to  decompose  it  proved  un- 
succesifuL  After  the  views  of  Davy,  with  respect  to 
the  nature  of  chlorine  and  muriat  c  acid,    had  gained 
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considerable  ground,  Aiqpere  copjectured  thai  fluorfc, 
like  muriatic  acid,  might  cpnt4M^  a  base  ^tol  unicm  with 
hydrogen ;  which  idea  of  its  constitution,  though  at  first 
opposed  by  Davy,  was  afterwards  supported  by  him. 
He  published  an  account  of  severajl  experiments,  (Ph> 
Tr.  1813,)  performed  with  the  view  of  ascertaining  the 
true  nature  of  the  acid,  and  of  discovering  its^  baae,  in 
which,  however,  he  did  not  succeed ;  but  he  asserts  th«t 
the  results  warrant  the.  con^plujuon,  that  the  views:  of 
.^bnpere  are  correct.  The  reason  which  induced  Davjr 
to.  adopt  this  opinion,  is  the  resemblance  between  ibm 
hal^tudef  of  fluoric  and  muriatic  acid,  pai:ticuhvrly  the 
phenyiHnena  presented  by  them,  when  subjected  .to  gak 
yiMi^Vnn*  Whep  muriatic  is  upder  its  influence,  hydrogen 
is  giv^  off  at  the  one  wire,  and  chlorine  from  the  other< 
Whei^  fluoric  acid,  perfectly  free  from  water,  was  treaU 
cid  in  the  same  way,  the  wire,  from  which  there  was  att 
evolution  of  hydrpgeii  in  .the  farmer  instance,  also  yield* 
ed  it  ii^  this ;  while,  the  other  became  covered  with.  .* 
chocolate-coloured  powder,  which  Davy  imagined  was  tlie 
base  of  the  acid  in  union  with  the  metal  of  the  wire... 

In  other  trials,  he  supposed  the  base  was  disengaged^ 
but  instantly  united  with  the  other  body  presented  to^iC^. 
or  with  the  materials  of  the  vessel  in  which  the.  exfieri*. 
m^t  was  performed,  and  h«ice  the  difficulty,  nay  alitaalT 
tbe  impossibility  of  obtaining  it  in  its  separate  static. 
Davy  has,  however,  no  doubt  that  the  acid  contaififl  hj^» 
drogen  in  union  with  a  substance,  similar  in  its  nature 
to  chlorine  and  iodine,  an4  to  which  he  has  given  the 
name  of  Fluorine, 


SECTION  IV. 


COMPOUND  ACIDIFIABLE  BODIES. 


CYANOGEN. 

Whxn  describing  the  properties  of  carbon,  it  was  men- 
tiooed  that  it  enters  into  union  with  nitrogen,  and  forms 
a  gaseous  compound,  discovered  in  1815,  by  Gay  Lus- 
lac,  (An.  de  Chim.  xcv.)  and  to  which  he  gave  the  name 
of  Cyanogen^  a  term  derived  from  xvwi,  ccmdeus^  owing 
to  the  blue  colour  of  one  of  its  compounds,  long  used 
as  a  paint. 

Instead  of  describing  it  under  Carbon,  I  have  thought 
ptoper  to  bring  it  in  under  the  class  of  acidifiable  bodies^ 
as  sulphur  and  chlorine,  to  which,  in  many  respects,  it 
bears  a  strong  resemblance.  Thus  it  unites  both  with 
oxigen  and  hydrogen,  and  forms  acids.  It  combines 
also  with  simple  bodies,  and  forms  compounds  called 
tyanidt,  or  a/anurei^,  many  of  which  resemble  sulphurets 
uid  chlorurets  in  their  action  with  water,  the  hydrogen 
uniting  with  the  cyanogen,  and  the  oxigen  with  the 
base. 

Cyanogen  cannot  be  procured  by  the  direct  union  of 
its  ingredients,  we  are  obliged  therefore  to  have  recourse 
to  decomposition.  The  substance  from  which  it  is 
usuaUy  obtained,  is  that  commonly  called  FrussuUe  qf 
Mercury^  but  more  properly  cyanurei  qf  mercury y  a  com- 
pound of  mercury  and  cyanogen.    (See  Iron.) 
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Cyanogen  is  a  transparent,  colourless,  elastic  fluid,  hav- 
ing a  strong  disagreeable  odour.  Its  specific  gravity  is 
1805,  100  cubic  inches  weighing  55  gr.  When  subject- 
ed to  strong  pressure,  (Faraday,  Ph.  Tr.  18S3,)  it  be- 
comes a  colourless  fluid,  which,  when  exposed  to  the 
atmosphere,  slowly  passes  off  in  the  state  of  gas,  pro- 
ducing a  great  degree  of  cold.  When  mixed  with  water, 
under  increased  pressure,  there  is  a  gradual  action,  the 
mixture  becoming  dark  coloured. 

Cyanogen  is  not  affected  by  exposure  to  intense  heat, 
provided  air  is  excluded ;  but  if  it  be  present,  it  takes 
fire,  and  burns  with  a  pale  red  flame.  When  heated 
with  oxigen  it  explodes,  and  for  complete  combustion  it 
requires  twice  its  volume,  by  which  2  of  carbonic  acid 
and  1  of  nitrogen  gas  are  produced.  Now,  as  carbonic 
acid  is  known  to  contain  its  own  bulk  of  carbon  vapour, 
it  is  evident  that  cyanogen  must  consist  of 

Vob. 

Nitrofien,    -     1  7         j        j  •  *    -■ 
-^    -  °    '  ^  >   condensed  into  1 ; 

Carbon  gas,      x  j 

And  hence  its  composition  by  weight  must  be, 

Sp.  gr.  of  carbon  vapour,     416  x  2  »=  832 

Sp.  gr.  of  nitrogen,  972 

and  as  972 :  832 : :  17.5  :  15 

And^:^7.5 

So  that  it  is  a  compound  of 

1  atom  of  nitrogen,  17.5 

2  atoms  of  carbon,  15. 


and  its  atomic  weight  is  82.5 
Indeed,  its  composition  by  volume  shews  this ;  for  the 
atom  of  each  of  its  ingredients  is  represented  by  2  vo- 
lumes, and  as  it  contains  1  volume  of  nitrogen  to  2  of 
carbon,  it  must  have  1  atom  to  2.  Hence  also  its  speci- 
fic gravity  must  be, 

832  +  972  =  1804. 
Water  absorbs  4|  times  its  volume  of  cyanogen,  but 
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at  the  Mme  time  there  is  a  slight  decomposition  ;  for  the 
iolatiofi  reddens  vegetable  blue,  owing  to  the  formation 
of  a  little  acid,  by  the  cyanogen  combining  with  some  of 
the  ingredients  of  the  water. 

Cyanogen  enters  into  union  with  oxigen  and  with  hy. 
drogen,  and  forms  acids  possessed  of  very  peculiar  pro- 
perties. It  combines  also  with  some  of  the  other  simple 
substances  already  described,  particularly  with  sulphur 
and  chlorine,  and  also  produces  acids,  which  will  be 
afterwards  described. 

Cyanogen,  it  has  been  already  stated,  enters  into  union 
with  other  simple  bodies,  and  forms  compounds  called 
cyanidsj  or  cyanurets,  which  in  their  properties  resemble 
cblorids  and  sulphurets,  particularly  in  their  action  with 
water,  the  hydrogen  uniting  with  the  cyanogen  to  form 
hydro-cyanic  acid,  and  the  oxigen  with  the  other  sub- 
stancesy  to  form  an  oxid,  with  which  the  acid  combines  $ 
so  that  cyanurets,  like  chlorurets,  sulphurets,  &c.  are 
changed  to  salts  by  water.  These  cyanurets  will  be 
afterwards  described  when  considering  the  metals. 

XANTHOGEN. 

This  is  another  compound  acidifiable  base,  similar  in 
many  respects  to  cyanogen,  and  which  is  supposed  to 
contain  sulphur  and  carbon.  It  was  first  noticed  by  M. 
Zeisse,  (Ann.  de  Chim.  et  de  Phys.  xxi.)  who  gave  it 
the  name  of  xanthogene^  derived  from  {«»^o{,  yettoWy  from 
the  colour  of  some  of  its  compounds. 

When  bisulphuret  of  carbon  is  mixed  with  an  alcoholic 
solution  of  potassa,  the  alkali  becomes  neutralized  by  an 
acid,  which  is  a  compound  of  sulphur,  carbon,  and  hy- 
drogen, the  two  former  apparently  constituting  a  com- 
pound base,  acidified  by  the  hydrogen,  and  which  Zeisse 
has  proposed  to  call  hydro^anthic  add.  When  to  the 
solution  thus  formed,  a  metallic  compound  is  added, 
there  is  in  general  precipitation  of  a  substance,  supposed 
to  consist  of  the  metal  in  union  with  xanthogen,  the  hy- 
drogen of  the  acid  having  united  with  the  oxigen  of  the 
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metal,  and  thus  left  the  metal  and  xanthogen  to  oombine. 
The  compounds  formed  in  this  way  are  called  xantkidSf 
or  xanihyreUy  and  are  of  course  analogous  to  sulphuretB^ 
chlorurets,  &c. ;  and  hence  it  is  that  xanthogen  must  be 
taken  in  the  same  class  with  sulphur,  chlorine,  and  iodine, 
because  it  is  not  only  acidified  by  hydrogen,  but  also 
forms  compounds,  which  are  acted  on  by  water,  in  the 
same  way  as  those  of  sulphur,  chlorine,  &c. 


It  has  been  already  mentioned,  (p.  269.)  that  chloro- 
carbonic  or  phosgene  gas,  is  by  some  considered  an  acid ; 
and  as  it  contains  chlorine,  carbon,  and  oxigen,  if  it 
should  really  be  found  to  have  acid  properties,  it  is  not 
at  all  improbable  that  the  chlorine  and  carbon  will  act  as 
a  compound  radical,  oxigen  being  the  acidifying  prin- 
ciple. Should  this  view  of  its  composition  prove  correct, 
we  shall  have  both  simple  and  compound  acidifiable  bo- 
dies, oxigen  and  hydrogen  acting  throughout  as  the  aci- 
difying principles. 


SECTION  V. 


ACIDS. 


ACCORDING  to  the  doctrine  of  Stahl,  which  so  long  sway- 
ed! the  minds:  of  chemists,  acids  were  considered  simple 
•nbfllaaDces,  the  inflammables  which  formed  them  being 
foj^xised  to  be  compounds  of  them  and  phlogiston ;  ac- 
onrdingly,  when  an  inflammable  underwent  combustion, 
the  pUogistoD,  it  was  imagined,  was  evolved,  and  the 
ample  base,  the  acid,  was  left.  Lavoisier  was  the  flrst 
vho  called  this  opinion  in  question,  and  at  last,  by  nume- 
mis  wdl-^oonducted  experiments,  completely  overthrew 
il^  aBd  established  another  in  its  stead,  founded  on  the 
Csti  deduced  from  the  experiments  by  which  he  was  en*- 
aUed  to  overturn  that  of  Stahl,  (p.  177.)  Lavoisier 
htUL  it  as  a  general  rule,  that  acids  are  composed  of  a  base 
and  .ozig«:i^  Thus,  he  found  that  when  phosphorus  was 
burned  in  it,  an  acid  was  formed,  equal  in  weight  to  that 
of  the  inflammable,  and  of  the  elastic  fluid  consumed. 
By  exposing  the  compound  to  the  action  of  other  sub- 
stances, as  charooal,  phosphorus  was  liberated,  and  an- 
dhtT  acid  generated ;  hence  the  conclusion  was  natural, 
thst  the  first  formed  compound  contained  phosphorus 
and  oxigen;  Lavoisier  obtained  similar  results  with 
other  acids,  and  though  some  of  them  could  not  be  made 
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to  yield  oxigen,  yet,  reasoning  from  analogy,  he  conclud- 
ed that  they  were  all  compounds  of  a  base  and  this  elas- 
tic fluid.  He  therefore  considered  it  as  the  principle  of 
acidity,  and  hence  its  name. 

Sir  H.  Davy  was  the  first  who  was  inclined  to  call  in 
question  the  accuracy  of  the  Lavoisierian  doctrine,  though 
Gay  Lussac  had  previously  thrown  out  conjectures  con- 
cerning it.  One  acid,  the  muriatic,  though  exposed  to 
the  action  of  many  substances  that  attract  oxigen  power- 
fully, could  not  be  made  to  yield  it.  Davy  therefore 
asserted,  that  it  did  not  contain  it,  but  that  it  was 
a  compound  of  hydrogen  and  another  simple  body, 
chlorine.  Other  substances  have  since  been  discover- 
ed, which,  according  to  him,  generate  acids  by  their 
union  with  hydrogen ;  he  therefore  concluded,  that  oxi- 
gen is  not  the  only  acidifying  principle,  but  that  chlorine 
and  iodine  may  be  also  reckoned  as  belonging  to  the 
same  class. 

The  doctrine  of  Davy,  though  at  first  received  with 
very  great  caution,  as  tending  to  overturn  that  of  Lavoi- 
sier, established  apparently  on  so  sure  a  foundation, 
is  now  universally  admitted,  more  particularly,  that 
acids  exist  in  which  there  is  no  oxigen.  Though  Davy 
considered  chlorine  and  iodine  as  acidifying  principles, 
yet  others  maintained  that  hydrogen  is  the  principle  of 
acidity  in  those  not  containing  oxigen.  From  the  arrange^ 
ment  I  have  adopted,  it  will  be  perceived,  that  if  we  are 
really  to  attach  a  principle  of  acidity  to  certain  bodies, 
it  should  be  given  to  hydrogen,  because  we  find  that  sul- 
phur, chlorine,  and  iodine,  unite  with  oxigen,  and  form 
one  set  of  acids,  and  with  hydrogen  to  generate  another. 

As  there  are  different  acids  containing  the  same  ingre- 
dients, the  French  chemists,  when  they  constructed  their 
nomenclature,  gave  them  names  having  different  final 
syllables.  Thus,  that  of  the  one  with  the  largest  propor- 
tion of  oxigen,  had  the  final  syllable  in  ic  ;  that  with  the 
smaller  in  oua ;  as  sulphuric,  sulphurous  ;  nitric,  nitrous.^ 
But  acids  have  been  lately  discovered  vdth  smaller  and 
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larger  propartions  of  oxigen  than  those  known  when 
.  the  French  nomenclature  was  constructed,  and  to  distin- 
guish them,  the  words  hypo  and  hyper  {yw^  undevy  im^j 
obovcj)  are  attached  ;  thus,  hypo-sulphurous  acid  is  one 
with  a  less  proportion  of  oxigen  than  exists  in  sul- 
fdiurous  add:  hyper-chloric  acid  is  one  with  a  larger 
quantity  than  there  is  in  chloric  acid. 

Since  the  views  of  Davj  have  been  brought  forward, 
a  new  nomenclature  has  been  proposed  for  those  acids 
not  containing  oxigen.  It  has  been  recommended  to  put 
the  word  hydr  before  their  names,  to  shew  that  hydrogen 
is  one  of  their  component  parts.  Thus,  we  speak  of  the 
hydr^uicidsy  as  hydro-chloric,  hydr-iodic  acid,   &c. 

The  acids  have  many  properties  in  common.  They 
have  a  aour  taste,  and  most  of  them  corrode  animal 
and  vegetable  matter.  Their  distinguishing  feature  is 
reddening  vegetable  blues,  as  infusion  of  purple  cabbage, 
violets,  litmus,  &c. 

In  describing  the  acids,  they  will  be  divided  into  two 
.dasset. 

1st,  Acids  with  oxigen,  or  oan-acids. 

Sd,  Acids  with  hydrogen,  or  hydr-acids. 


ACIDS  WITH  OXIGEN. 

NiTBic  Acid. 

NiTBic  Acid,  in  its  impure  state  however,  has  been 
long  known,  and  in  use  in  the  arts,  under  the  name  of 
aquq/brtis.  As  generally  purchased,  it  is  of  a  yellowish 
colour,  more  or  less  deep,  owing  to  its  containing  nitric 
oxid  in  solution ;  and  besides,  it  has  in  general  also  a 
little  sulphuric  and  muriatic  acids,  derived  from  the  sub- 
itanoes  used  in  its  preparation.  When  pure  it  is  trans- 
parent and  colourless,  having  a  peculiar  odour,  and  a 
aoor  taste,  and  possessing,  in  a  remarkable  degree,  the 
characteristic  features  of  acids,  being  highly  corrosive. 
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and  changing  vegetable  blues  to  red.  Its  qiecific  gniyity 
has  been  differently  stated.  In  general  it  is  about  15S0 ; 
but  this  depends  greatly  on  the  method  fbllowsd  in  pre- 
paring it.  By  the  abstraction  of  caloric  it  congeals,  but 
the  point  of  congelation  varies  according  to  its  strength ; 
and  what  is  very  remarkable,  when  it  is  diluted  with  a 
certain  quantity  of  water,  the  congelation  occurs  at  a 
higher  temperature  than  when  mixed  with  more  or 
less.  Mr  Cavendish  found  that  the  strong  acid  became 
solid  at  — 4>1.6;  but  when  diluted,  so  as  to  make  it 
of  sp.  gr.  about  1300,  it 'congealed  at  — S,  while  by  add- 
ing more  water,  it  again  required  a  much  lower  tem- 
perature ;  indeed  it  was  nearly  the  same  as  that  of  the 
strong  acid. 

The  boiling  point  of  the  acid  also  varies  according  to 
its  strength.  And  it  is  also  remarkable,  that  at  a  certain 
specific  gravity  it  is  much  higher  than  when  it  is  eiihttr 
weaker  or  stronger,  and  at  that,  and  that  alone,  it  al- 
ways passes  off  in  vapour  of  the  same  density.  Daltcm 
ascertained  that  the  specific  gravity  alluded  to  is  142S.7f 
at  which  the  boiling  point  is  S48.  When  the  acid  is 
stronger  or  weaker  than  this,  the  point  of  ebullition 
becomes  lower.  If  weak  acid  be  used,  the  weakest 
part  first  comes  over,  whereas,  when  concentrated,  the 
strongest  part  is  first  distilled ;  so  that  in  the  former 
case  the  residue  in  the  retort  becomes  stronger,  and  in  the 
latter  it  becomes  weaker,  till  in  both  it  arrives  at  the  speci- 
fic gravity  142S.7,  and  then  the  point  of  ebullition  con- 
tinues steady,  and  the  vapour,  when  condensed,  is  of  the 
same  strength  as  that  in  the  retort. 

Nitric  acid  is  decomposed  by  subjecting  it  to  a  strong 
heat,  as  when  its  vapour  is  passed  from  a  retort  through 
an  incandescent  tube,  (cut^p,  138  ;)  a  gas  comes  off  mixed 
with  red  fumes,  but  which  are  absorbed  by  the  water  of  the 
trough,  while  the  other  may  be  collected.  It  is  a  mixture 
of  oxigen  and  nitrogen  with  the  former  in  large  propoxu 
tion,  for  when  a  taper  is  introduced  it  buras  with  great 
splendour;  and  after  the  combustion  is  over,   and  the 
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vapour  formed  is  allowed  to  be  absorbed  by  water,  the 
residual  gas  is  nitrogen. 

Nitric  acid  is  decomposed  also  by  light.  If  a  phial  of 
it  be  exposed  to  sunshine,  it  gradually  acquires  a  yellow- 
ish and  ultimately  a  brownish  tinge,  which  is  owing  to 
the  formatioQ  of  a  little  nitric  oxid  which  is  absorbed, 
mt  the  same  time  oxigen  gas  is  disengaged.  Hence  the 
necessity  of  keeping  the  acid  excluded  from  light. 

These  ^cperiments  prove  that  nitric  acid  is  composed 
cxf  oxigen  and  nitrogen ;  for  the  discovery  of  which  we 
are  indebted  to  Cavendish,  though  Priestley  and  La- 
▼oilier  had  been  previously  led  to  suppose,  from  some  of 
their  experiments,  that  this  was  its  constitution.  The 
composition  was  proved  synthetically  by  Cavendish,  by 
paasiDg  electric  sparks  through  atmospheric  air,  either 
alone  or  mixed  with  oxigen  gas.  For  this  purpose  wires 
:£rom  the  conductors  of  the  machine  were  passed  into  a 
tohe,  the  open  end  of  which  was  placed  in  a  cup  of  mer- 
^cuiy,  over  which  there  was  a  solution  of  potassa.  After 
the  transmission  of  the  sparks  the  air  was  diminished, 
and  the  odour  of  nitric  acid  was  perceptible.  A  piece 
of  paper  dipt  in  the  alkaline  solution,  deflagrated  in 
the  same  way  as  when  soaked  in  a  solution  of  nitre, 
which  is  a  compound  of  potassa  and  nitric  acid.  Hence 
Cavendish  concluded  that  the  oxigen  and  nitrogen  had 
been  made  to  enter  into  union  and  form  the  acid,  a  con- 
clusion confirmed  by  the  analytic  experiments  just  men- 
tioned, its  decomposition  by  heat  and  light.  Though 
the  composition  of  the  acid  has  been  proved,  yet  very 
different  statements  have  been  given  with  respect  to  its 
proportions.  According  to  an  experiment  of  Cavendish, 
conducted  on  a  large  scale,  they  were  fixed  at  7^.2  oxi- 
gen^  27.8  nitrogen.  From  the  experiments  of  Henry 
and  others,  it  has  been  shewn  to  be  a  compound,  sup- 
podong  it  quite  free  from  water,  of 

Nitrogen,  .  «  - 

Oxigen,        .  -  - 

and  as  26  :  74  : :  17 


Vok. 

2 

Brwdght. 

26 

5 

74 

50 

f 
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so  that  nitric  acid^  supposing  it  free  from  water,  is  a 
compound  of 

1  atom  of  nitrogen,  17.5 

6  atoms  of  oxigen,  50. 


and  its  atomic  weight  is  67.5 

Nitric  acid  unites  very  easily  with  water ;  indeed,  so 
strong  is  the  attraction  between  them,  that  it  cannot  be 
procured  free  from  it.  The  quantity  of  real  acid,  in 
acids  of  different  specific  gravity,  has  been  variously 
stated.  The  latest  expeviments  are  those  of  Thomson, 
(First  Princ.  i.  114.)  from  which  be  has  constructed  a 
table  of  their  composition.  (See  Appendix.) 

According  to  Thomson,  acid  of  specific  gravity  14SS.7, 
seems  to  be  the  compound  in  which  the  parts  are  held  to- 
gether most  powerfully,  and  is  composed,  as  the  table 
shews,  of  1  atom  acid,  and  4  water.  It  is  that,  which,  it 
has  been  already  remarked,  boils  at  248,  the  boiling  point 
continuing  all  the  time  the  same,  and  giving  off  vapour, 
which,  when  condensed,  is  also  of  the  same  specific  gra- 
vity. 

Wlien  nitric  acid  is  mixed  with  ice,  there  is  a  consider- 
able reduction  of  temperature,  but  it  is  necessary  to  use 
it  diluted,  because  when  of  a  certain  strength,  the  pro- 
duct congeals  easily,  and  the  action  ceases.  When  pre- 
viously mixed  with  l-5th  of  water,  and  poured  on  snow, 
the  temperature  falls  to  — 80. 

Nitric  acid  has  no  action  with  oxigen  or  nitrogen. 

When  exposed  to  nitric  oxid,  it  absorbs  it  rapidly,  and 
gradually  changes  its  appearance,  first  becoming  pale, 
then  dark  yellow,  next  brown,  and  lastly  green.  The 
absorption  of  the  oxid  by  the  acid  is  easily  effected. 
For  this  purpose,  put  into  a  bottle  some  pieces  of  copper, 
and  pour  on  it  nitric  acid,  diluted  with  two  parts  of 
water.  Adapt  a  bent  tube,  passed  through  a  cork,  and 
allow  the  action  to  go  on  for  some  time,  by  which  nitric 
oxid  is  disengaged  ;  then  put  the  open  end  of  the  tube  in« 
to  a  phial,  containing  colourless  acid,  and  as  the  bubbles 
of  gas  are  absorbed,  the  acid  will  become  coloured,   the 
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colour  becoming  darker  as  the  quantity  increases.  The 
properties  of  the  compound  formed,  will  be  noticed 
when  describing  Nitrous  Acid. 

Nitric  acid  acts  easily  with  inflammables,  the  change 
eflTected  on  the  acid  being  the  same  with  all,  but  the  pro- 
ducts differ  according  to  the  combustible  employed. 

When  exposed  to  hydrogen  at  a  high  temperature,  as 
when  its  vapour  is  passed  along  with  it  into  an  incandes- 
eent  tube,  there  is  an  immediate  decomposition,  the  oxi« 
gen  and  hydrogen  uniting,  and  causing  explosion,  so  that 
die  experiment  must  be  performed  with  great  caution. 

Phosphorus  and  sulphur  also  easily  decompose  it ;  in 
fact  the  action  is  so  violent,  that  for  the  safety  of  the 
operator,  it  is  necessary  to  dilute  the  acid  with  about 
two  parts  of  water.  When  they  are  put  into  a  flask  and 
heated,  the  inflammable  gradually  acquires  oxigen,  and 
is  converted  into  phosphoric  or  sulphuric  acid,  while  by 
the  loss  of  oxigen,  [the  other  becomes  nitric  oxid,  which 
flies  off  in  the  form  of  gas. 

The  action  with  carbon  is  similar,  but  it  requires  the 
aid  of  heat.  If  a  few  drops  of  acid  be  thrown  into  a  cru- 
cible of  hot  charcoal,  beautiful  sparks  are  thrown  out, 
and  nitric  oxid  is  disengaged.  When  the  acid  is  boiled  on 
the  charcoal,  the  same  gas  is  evolved,  and  it  gradually 
acquires  a  dark  colour.  On  evaporating  the  fluid,  a  clam- 
my substance  is  left,  resembling  in  some  of  its  properties 
the  astringent  principle  of  vegetables. 

Nitric  acid  is  no  where  in  nature  found  in  its  pure 
state.  It  is  generated  by  the  putrefaction  of  animal  and 
vegetable  matter,  and  it  may  also  be  formed  by  passing 
electric  sparks.through  air,  as  in  the  experiment  of  Ca- 
vendish, but  it  is  not  prepared  in  either  of  these  ways  for 
use.  It  is  always  procured  by  the  decomposition  of  salts, 
in  which  it  exists  as  a  component  part.  That  usually 
employed  is  nitre.  (See  Nitre.) 

NiTBous  Acid. 
Whev  describing  the  properties  of  nitric  oxid,  it  was 
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mentioned,  that  when  mixed  with  air  it  unites  with 
oxigen,  and  forms  nitrous  acid.  If,  instead  of  air, 
oxigen  be  employed,  the  gases  also  combine,  and  the 
same  compound  is  formed.  From  the  experiments  of 
Davy,  (Elements,)  and  of  Thomson,  (First  Pr.)  four 
of  the  oxid  require  two  of  oxigen,  by  which  a  brownish 
gaseous  substance  is  formed,  and  which  continues  in  this 
state,  provided  water  is  excluded;  the  moment,  how- 
ever, that  it  is  admitted,  there  is  an  absorption,  the  fluid 
acquires  a  greenish  colour  and  a  sour  taste,  and  has  the 
power  of  reddening  vegetable  blues.  The  substance 
thus  formed,  by  the  admixture  of  the  gases,  is  pure  ni- 
trous acid,  and  as  in  its  formation  there  are  required, 
oxigen,  -  -  ^1  =  4 

oxid  4,  containing  ■!     .         '     _ 

®  I  nitrogen,  2      =8 

it  is  evident  it  must  be  composed  of 

Volfc         AtOBM. 

nitrogen,        2  =  1  =  17.6 
oxigen,  4         4  =  40. 


and  its  atomic  weight  will  be       57.5 

Though  liquid  nitrous  acid  may  be  procured  by  the 
absorption  of  the  gas  thus  formed,  it  is  never  prepared 
in  this  way  for  use,  being  always  obtained  by  the  decom- 
position  of  nitre  by  sulphuric  acid.  (See  Nitre.) 

The  fluid  commonly  purchased  as  nitrous  acid,  must 
not,  however,  be  supposed  pure,  for  besides  nitrous,  it 
contains  nitric  acid,  and  nitric  oxid ;  and  hence  the  dif- 
ference in  its  appearance,  being  sometimes  of  a  dark 
brown,  and  occasionally,  though  less  rarely,  green. 

Liquid  nitrous  acid  resembles  in  many  respects  nitric 
acid,  but  in  general  acts  more  powerfully  on  inflamma- 
bles. When  exposed  to  a  moderate  heat,  it  is  decompose 
ed,  nitric  oxid  is  disengaged,  and  the  residue  becomes 
colourless,  and  has  all  the  properties  of  pure  nitric  acid^ 
and  hence  the  method  of  procuring  that  acid.  (See  Nitre,) 

When  exposed  to  air,  a  similar  change  takes  place,  by 
which  its  colour  is  destroyed,  and  nitric  acid  is  formed. 
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Itf  fldioD  with  water  is  peculiar,  the  appearance  and 
pMpertiea  of  the  product  differing  according  to  the  pror 
portions.  When  the  dark  nitrous  acid  is  mixed  with  a 
large  quantity  of  it,  the  fluid  acquires  a  bluish  tinge, 
bal  if  the  acid  be  in  excess,  the  colour  is  olive  green. 
These  changes  depend  on  a  chemical  action  between  the 
acid  and  water,  for  nitric  oxid  is  disengaged,  and  the 
product  is  diluted  nitric  acid.  Supposing,  therefore^ 
that  the  acid  is  pure,  it  is  evident,  that  by  the  ad- 
dition of  the  water,  one  part  of  it  must  be  made  to  de» 
fme  the  other  of  oxigen,  by  which  the  former  becomes 
■itiic  acid,  the  latter  nitric  oxid ;  and  h^ice  it  is  that 
we  cannot  have  diluted  nitrous  acid,  the  admixture 
af  water  always  converting  it  to  nitric.  The  same  is  the 
case  when  it  is  added  to  any  salifiable  base,  as  an  alkali, 
it  is  decomposed,  nitric  oxid  gas  being  evolved,  and  the 
nitric  acid  formed  then  enters  into  union  with  the  other 
Id  produce  a  salt.  It  is  this  which  has  made  some  sup* 
pose^  that  nitrous  is  not,  a  distinct  add,  but  a  com* 
pound  of  nitric  add  and  nitric  oxid ;  an  opinion  which 
seems  strengthened  by  the  fact,  that  as  yet  we  have  not 
by  any  means  been  able  to  cause  it  to  enter  into  union, 
and  form  salts,  for,  though  Berzelius  has  stated  that 
he  has  svcceeded  m  doing  so,  yet  the  later  experiments 
ef  Gaj  Luasac  warrant  the  conckiaion^  that  the  com« 
pounds  formed  do  not  contain  nitixHis  acid.  (An*  de 
Chim.  et  de  Phys.  i.  409.) 
According  to  Davy,  the  different  coloured  acids  con- 
different  quantities  of  nitric 


OmU. 

Vtm. 

1.2 

8.8 

5.56 

7.6 

7.1 

7.6 

8. 

7.4 

Pale  yellow  acid,  90.5 

Dark  orange  do.  86.84 

Dark  oUj^e,        -  85.4 

Bluish  green,        -  84.6 

Nitrous  add,  it  has  been  mentioned,  acts  with  great 
on  inflammables;  indeed,  with  some  the  action 
is  so  violent,  that  it  is  attended  with  considerable  dan^ 
ger.  With  some  of  the  compound  inflammables  it  is 
very  violent     Thus,  if  half  an  ounce  of  oil  of  turpentine 
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be  put  into  a  flask^  and  about  as  much  nitrous  acid  be 
poured  on  it,  there  is  a  sudden  disengagement  of  gaseous 
matter,  which  instantly  takes  fire.  This  experiment  suc- 
ceeds with  more  certainty,  if  the  acid  be  slightly  heated, 
and  a  few  drops  of  oil  of  vitriol  be  added  to  it,  just  be- 
fore throwing  it  on  the  turpentine.  As  the  disengage- 
ment of  gas  is  considerable,  it  is  necessary  to  use  a  wide 
mouthed  flask,  which  should  be  placed  under  a  chimney, 
and  the  acid  should  be  poured  in  from  a  glass  tied  to  the 
end  of  a  long  stick. 

Nitric  and  nitrous  acid  are  employed  in  medicine,  ex- 
ternally as  an  escharotic,  internally,  when  much  diluted, 
in  the  venereal  disease.  They  are  used  also  in  pharm»- 
cy,  in  dyeing,  and  for  etching  on  iron  and  copper.  To 
chemists  they  are  of  vast  importance,  being  ready  sol^ 
vents  of  many  of  the  substances  on  which  they  have  to 
operate,  and  hence  their  use  in  analysis.  The  vapour  of 
nitrous  acid  is  now  also  much  employed  for  purifying 
apartments,  in  which  those  afflicted  with  contagious  dis- 
eases have  been  confined.  (See  Nitre.) 

Hypo-Nitrocjs  Acid. 

From  the  experiments  of  Gay  Lussac,  (An.  de  Chinu 
et  de  Ph.  i.  400.)  it  appears  that  there  is  still  another 
acid  of  oxigen  and  nitrogen,  and  to  which  the  name  of 
hypo-nitrous  acid  has  been  given. 

According  to  Dalton  and  Gay  Lussac,  it  may  be  form- 
ed by  exposing  mixtures  of  nitric  oxid  and  oxigen,  over 
solutions  of  potass,  by  which,  when  generated,  it  unites 
with  the  alkali.  It  has  not,  however,  been  obtained  in 
its  separate  state,  being  always  decomposed  when  a 
stronger  acid  is  added  to  its  compound,  with  the  view  of 
expelling  it. 

According  to  Gay  Lussac,  hypo-nitrous  acid  has  less 
oxigen  than  there  is  in  nitrous  acid,  being  intermediate 
to  it  and  nitric  oxid.     Now,  as  the  former  contains 

1  atom  of  nitrogen, 
4  atoms  of  oxigen. 
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and  the  latter, 

1  atom  of  nitrogen, 
S  atoms  of  oxigen, 
acid  must  be  composed  of 
1  atom  of  nitrogen,  17.5 

8  atoms  of  oxigen,  SO. 


and  its  atomic  weight  will  be        47.5 

Five  compounds  of  nitrogen  and  oxigen  have  now  been 
described,  and  in  these  we  have  a  beautiful  illustration  of 
cmnbination,  in  definite  proportions. 

Nitr.  Ox.  Atomi. 

Protoxid  of  nitrogen,  100  vol.  SO  2.75 

Peroxid  of  nitrogen,  100      100  8.75 

Hypo-nitrous  acid,  100       150  4.75 

Nitrous  acid,  100      £00  5.75 

Nitric  acid,  100      £50  6.75 

Caubonic  Acid. 

CAaBOKic  Acid,  in  its  pure  state,  exists  in  the  gaseous 
form.  It  was  the  first  elastic  fluid  discovered  difierent 
from  the  air  of  the  atmosphere.  Though  it  must  have 
been  often  observed  during  many  cases  of  chemical  ac- 
tioii,  it  was  not  known  as  a  distinct  body  till  the  im- 
portant discovery  of  Dr  Black,  who  pointed  out  the  dif- 
ference between  it  and  the  atmospheric  air,  and  thus 
laid  the  foundation  of  Pneumatic  Chemistry.  After 
he  had  proved  it  to  be  a  peculiar  substance,  its  proper- 
lies  were  examined  by  Priestley,  (Essays,  i.  43.)  Berg- 
man, (Opusc.)  and  Cavendish,  (Ph.  Tr.  1766.)  Dr 
Black  afterwards  found  that  it  was  generated  by  the 
combustion  of  coal  and  charcoal,  which  induced  Lavoi- 
sier to  investigate  its  properties,  by  which  he  was  led  to 
die  discovery  of  its  composition,  (Mem..  Paris.  1776,) 
once  which  numerous  experiments  have  been  performed, 
with  the  view  of  ascertaining  the  proportions  of  its  ingre* 
dients,  by  Allan  and  Pepys,  Davy,  and  others,  (Ph.  Tr. 
1807»  1814.)    When  first  discovered,  Black  gave  it  the 
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name  of  Jixed  airy  from  its  being  found  in  a  eondenaed 
state  in  some  of  the  compounds  of  the  alkalies  and  earths. 
It  was  afterwards  called  aerkU  and  mephUic  addj  the 
latter  applied  to  it  because  it  proved  noxious  to  ani- 
mal life.  All  of  these  haTe,  faowcTeri  given  way  to  that 
of  carbonic  acid^  the  name  used  by  Lavoisier,  shewing 
\  that  its  ingredients  are  carbon  and  oxigen. 

The  experiments  by  which  the  proportions  of  its  com- 
ponent parts  have  been  ascertained,  have  already  been 
detailed  at  full  length,  (p.  SS5.)  It  is  unnecessary,  there- 
fore, to  recapitulate  them ;  it  is  sufficient  to  say»  thai 
they  are  now  generally  considered  to  be, 

carbon,         •         28 

oxigen,         -         72 


that  is. 


1  atom  of  carbon,  7^ 

S  atcms  of  oxigen,  20l 


and  its  atomic  weight  is  27.5 
Though  carbonic  acid  gas  can  be  prepared  by  burning 
carbon  in  oxig^i,  yet  it  is  never  procured  in  this  way  for 
use,  bdng  always  dbtdned  by  the  decompositioB  of  com* 
pounds^  into  which  it  enters  as  a  component  part.  ThiA 
generally  employed  is  chalk,  which  is  a  compound  of  lima 
and  carbonic  add,  and  all  that  is  necessary,  is  to  pouf  on  U^ 
placed  in  a  r^ort,  another  acid,  as  muriatic,  diluted  witk 
about  6  of  water,  to  (nrevent  the  action  from  being  toa 
violent.  Th^  muriatic  add  and  lime  combine,  while  tlie 
carbomc  acid  gas  is  liberated,  and  may  be  eoUected  ia 
jars  on  a  water  trough. 

Carbonic,  though  a  fe^Ie  acid,  is  one  of  very  gfeat 
importance,  not  only  from  its  general  diffusion  through 
the  objects  td  nature,  but  died  fr6m  the  importaai 
functions  it  performs  in  the  animal  and  vegetable  oreatioo. 
It  is  a  tmnsparent,  inodorous,  and  colourless  gas^ 
the  specific  gravity  of  which  is  much  greater  than  thaEt 
oi  air.  It  is  now  allowed  to  be  1527,  100  cubic  inchea 
wdghing  46w5  grains.  It  is  unfit  for  the  support  of  re- 
spiradoii ;  even  when  mi^^ed  with  %  condderaUt  quaoti^ 
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of  air^  it  can  be  breathed  for  a  very  short  time.  It  also 
cxtingtiiabeB  oombustion,  as  is  shown  by  the  immersion  of 
a  candle  into  a  vase  of  it,  and  we  can  thus  easily  illustrate 
its  great  specific  gravity.  If  the  cover  be  removed  frcm 
the  mouth  of  a  jar  of  it,  and  a  candle  immersed  some  mi> 
nates  afterwards,  the  flame  is  extinguished.  Or  by  in- 
clining a  jar  of  it  en  a  candle,  the  gas  will  escape,  and 
put  out  the  flame.  1 1  may  even  be  poured  from  one  vessel 
lo  another,  in  the  same  way  as  a  fluid  ;  for  if  a  jar  of  it 
be  inclined  over  another  full  of  air,  the  carbonic  acid  will 
flow  into  the  latter;  and  that  it  has,  may  be  shewn  by  the 
immersion  of  a  lighted  taper. 

When  carbonic  acid  gas  is  subjected  to  great  pressure, 
it  lays  aside  its  gaseous  form,  and  becomes  a  transparent 
colourless  fluid,  which  is  easily  distilled  by  a  slight  heat, 
but  has  not  been  congealed  by  the  most  intense  cold 
to  which  it  has  been  exposed.  (Faraday,  Ph.  Tr. 
18S8.) 

Exposed  to  a  high  temperature,  it  does  not  undergo 
any  change.  When  electric  sparks  are  passed  through 
it,  it  is  decomposed  and  enlarged,  carbonic  oxid  is  form* 
edy  and  if  the  transmitting  wires  be  easily  united  with 
OKigen,  they  are  at  the  same  time  oxidated. 

Water  absorbs  it,  though  not  in  great  quantity,  taking 
op  only  about  its  own  bulk  ;  the  rapidity  of  the  absorp- 
tfam  increasing  by  agitation,  and  the  proportion  imbibed 
beooning  greater,  according  to  the  pressure.  The 
alisorptlon  of  the  gas  may  be  shewn  by  putting  a  cork 
into  a  bottle  neiffly  full  of  it,  and  holding  the  mouth  down, 
shdLiDg  it  for  some  time,  by  which  the  water  absorbs  it,  air 
entering  through  the  pores  of  the  cork  to  supply  its  place. 
In  this  way  a  saturated  solution  may  be  formed,  which 
is  transparent  and  colourless,  has  an  acidulous  taste,  and 
sparkles  when  poured  from  one  vessel  to  another.  By 
exposure  to  air,  by  boiling,  by  keeping  it  under  an  ex« 
hausted  reeeivor,  and  by  freezing,  the  whole  of  the  gas 
is  expelled.  The  solution  has  acid  properties.  It  red- 
dens vegetable  blues,  but  the  colour  is  not  permanent, 
unless  kept  in  well-corked  vessels;  and. hence  the  pre- 
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sence  of  this  acid,  in  its  uncombined  state,  is  easily  dis- 
tinguished from  others.  Thus,  if  litmus  infusion  be 
added  to  carbonic  acid  water,  it  becomes  red,  but  on  ex- 
posure to  air,  and  more  particularly  by  boiling,  the  ori* 
ginal  colour  returns,  the  acid  having  been  expelled. 

Carbonic  acid  water  is  used  as  a  grateful  beverage, 
and  as  the  quantity  absorbed  may  be  greatly  increased 
by  pressure,  this  is  resorted  to  in  preparing  it.  The 
apparatus  in  common  use  for  procuring  it  on  a  small  scale, 
is  that  recommended  by  Nooth. 
A  is  the  vessel  containing  the 
mixture  of  chalk  and  diluted 
sulphuric  acid,  from  which  the 
carbonic  acid  is  generated,  be- 
ing introduced  at  the  aperture 
B.  C  is  the  vessel  filled  with 
the  fluid  to  be  impregnated, 
having  a  valve  in  the  tube  at  D, 
which  allows  the  escape  of  the 
gas  upwards,  but  prevents  the 
water  from  falling  into  A.  £ 
is  a  third  vessel  with  a  long 
bent  tube,  F,  fitted  to  the  up- 
per aperture  C.  The  use  of 
this  is  to  receive  the  water  forc- 
ed up  by  the  pressure  of  the  gas,  for  when  any  of  it 
is  not  absorbed,  it  presses  on  the  surface  of  the  fluid,  and 
forces  it  up  through  F,  so  that  that  not  imbibed  by  the 
water  in  C,  will  be  taken  up  by  the  water  in  E.  6  is  a 
heavy  stopper  to  prevent  the  escape  of  gas,  but  when  the 
pressure  of  this  becomes  considerable  in  £,  6  is  raised, 
so  that  there  is  no  danger  of  bursting  the  apparatus  from 
the  increased  elasticity. 

The  valve  in  D  is  extremely  simple.  It  consists  of  an 
outer  tube,  A  A,  into  which  are  inserted  two  others,  B 
and  C,  leaving  a  space  between  them  at  D,  where  there  is 
a  small  piece  of  glass,  smooth  below  and  rough  above, 
so  that,  when  the  gas  is  generated,  the  glass  is  raised,  and 
the  rough  being  brought  into  contact  with  the  smooth 
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end  of  B,  there  are  passages  left  for  it  to  flow  through. 

When  it  ceases,  the  water  presses  it  down,  and  as  there 

are  two  smooth  sides  presented  to  each  other,  the  fluid 

is  thus  prevented  from  falling  through  it. 

The  quantity  absorbed  in  this  way  is  by  no  means 
great,  but  by  other  contrivances,  as  by  keeping  the  fluid 
iincLer  considerable  pressure,  it  is  much  increased,  so 
much  so,  as  to  make  it  eflervesce  powerfully  when  the 
pressure  is  removed.  For  this  purpose,  the  fluid  which 
is  to  absorb  it  is  put  into  strong  vessels,  into  which 
the  gas,  generated  in  another,  is  forced,  by  which  a 
great  deal  of  it  is  absorbed.  From  this,  when  fully 
saturated,  it  is  drawn  ofl*  into  earthen-ware  bottles,  and 
instantly  corked,  the  cork  being  secured  by  a  wire.  In 
drawing  off  the  fluid,  however,  a  great  deal  of  the  gas 
CKapes,  unless  some  means  be  taken  to  prevent  it.  This 
is  done  by  having  a  conical  cork  which  will  fit  the  dif- 
lerent  bottles  to  be  filled.  In  it  there  are  two  aper- 
tures, A  and  B,  the  former  for  the  admission 
of  the  stop-cock  from  the  vessel,   the  other  ^ 

for  the  escape  of  the  air  from  the  bottle,  and     _,^^ 
over  which  there  is  a  cover,  kept  down  by  a     \ ; : 
spring,  C.     When  the  bottles  are  to  be  filled,      \  \  \ 
the  cork  is  placed  on  the  stop-cock,  and  then      liL 
put   into   the  mouth  of  the  bottle;    as  the 
water  flows  in,  the  air  in  the  bottle  is  con- 
densed ;  but  when  the  pressure  of  this  becomes  consider- 
able,  it  raises  the  valve  C,  and  escapes,  so  that,  the  fluid 
being  always  under  pressure,   there  is  little  waste  of  the 
carbonic  acid. 

Carbonic  acid  is  decomposed  by  carbon  at  a  high  tem- 
perature, the  latter  depriving  it  of  part  of  its  oxigen,  and 
reducing  it  to  carbonic  oxid,  while  by  the  acquisition  of 
oxigen,  the  carbon  itself  also  becomes  oxid,  and  hence  a 
method  of  preparing  this  elastic  fluid.  For  this  purpose, 
a  mixture  of  chalk  and  diluted  sulphuric  acid  is  put 
into  a  retort,  (Cut^  p.  138.  J  so  that  the  gas,  when  gene- 
mtedy  may  flow  through  the  tube  previously  filled  with 
charcoal,  and  brought  to  a  red  heat.  The  gas  which 
amies  off^  is  a  mixture  of  carbonic  acid  and  oxid,  a  oon« 
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siderable  quantity  of  the  acid  having  escaped  decomposi- 
tion ;  but  it  is  easily  removed,  by  having  the  trough  filled 
with  lime  water,  by  which  carbonate  of  lime  is  formed, 
and  the  oxid  is  left  pure. 

Carbonic  acid  exists  in  nature  in  its  pure  state.  The 
air  of  the  atmosphere  always  contains  it,  but  the  quan- 
tity varies  at  different  times,  and  in  different  situations. 
It  amounts  sometimes  to  1  per  cent,  while  at  others  it  is 
only  1  in  1000.  It  was  at  one  time,  however,  supposed 
that  carbonic  acid  was  not  always  an  ingredient  of  the 
atmosphere,  particularly  in  the  higher  regions,  but  iht 
experiments  of  Saussure,  Humboldt,  and  others,  have 
proved  that  this  is  not  the  case,  the  former  having  de- 
tected it  on  the  summit  of  Mont  Blanc,  and  the  latter 
in  air  brought  down  from  a  great  height  by  a  balloon. 
That  it  exists  in  air,  is  proved  by  a  very  simple  experi- 
ment. Carbonic  acid  has  a  powerful  affinity  for  lime, 
easily  uniting  with  it,  and  forming  chalk  or  carbonate 
of  lime;  and  hence,  when  shaken  with  lime-water, 
it  instantly  makes  it  turbid  from  the  formation  of  car* 
bonate.  By  exposing,  therefore,  a  plate  with  lime- 
water  for  a  very  short  time,  a  thin  film  is  formed  on  its 
surface,  which,  when  broken,  falls  to  the  bottom,  and  an- 
other soon  supplies  its  place.  If  the  fluid  be  shaken  in 
a  bottle  half  full  of  it,  it  soon  becomes  milky,  owing  to 
the  formation  of  a  compound  of  the  earth  and  acid. 

Carbonic  acid  is  found  in  large  quantity  in  pits,  in 
which  there  is  not  a  free  ventilation,  and  in  some  ca^ 
vems  also  it  exists  in  great  abundance,  a  remarkable 
instance  of  which  is  the  Grotto  del  Cant  near  Naples,  which 
has  received  its  name  from  a  remarkable  circumstance  no- 
ticed by  those  who  first  examined  it,  that  it  proved  fatal 
to  dogs,  whereas  a  man  could  breathe  the  air  in  it  with  per- 
fect safety  ;  and  which  is  accounted  for  by  the  great  spe- 
cific gravity  of  the  gas,  which,  constantly  flowing  from 
chinks  near  the  floor,  remains  below,  and  as  the  entrance 
to  the  cave  is  nearly  on  a  level  with  the  floor,  it  is  not 
allowed  to  accumulate,  but,  on  the  contrary,  rudies 
out  like  a  stream  of  water. 

From  the  collection  c^  carbonic  acid  in  mines  and  pits. 
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fstal  soddentB  have  occurred  from  people  visiting  them, 
when  they  had  not  been  examined  for  some  time,  the  air 
hting  §o  much  loaded  with  this  aeriform  substance,  as  to 
prove  fatal  when  breathed.  Accidents  of  this  nature 
are;,  however,  owing  to  carelessness,  for  there  is  an  easy 
method  of  knowing  whether  the  air  in  them  will  prove 
injurious,  which  is  merely  to  expose  a  burning  body  to 
it*  It  is  remarkable,  however,  that  some  bodies  are 
much  sooner  acted  on  than  others ;  thus,  a  lamp  with  oil 
will  bum  m  air  in  which  a  candle  has  been  extinguished. 
In  visiting  pits  and  mines,  then,  in  which  there  is  rea- 
■OB  to  ffuspect  the  presence  of  carbonic  acid,  a  candle 
or  lamp  ought  to  be  carried  by  the  individual;  and 
m  long  as  it  bums,  there  is  no  danger;  the  mo- 
flMnt,  however,  that  it  is  extinguished,  all  attempts  to 
proceed  farther  ought  to  be  abandoned,  because  the 
almoBphere,  when  breathed  for  a  short  time,  will  prove 
fatal. 

Carbonic  acid  gas  is  afforded  in  great  abundance  by 
the  combustion  of  substances  employed  as  fuel,  as  coal, 
wood,  and  peat ;  and  that  this  is  the  case  is  proved  by 
hokBiig  a  jar,  open  above  and  below,  over  a  chauffer, 
and  after  keeping  it  there  for  some  time,  removing  it  on 
a  plaite»  and  putting  a  candle  in  at  the  upper  aperture, 
it  will  be  instantly  extinguished;  or  if  lime-water  be 
shaken  with  it,  it  will  become  turbid. 

As  carbonic  acid  is  given  off  so  abundantly  during 
combusdon^  we  ought  to  be  very  cautious  when  using 
chauffora,  or  stores,  particularly  in  apartments  in  which 
there  is  not  free  ventilation,  lest  the  product  escaping 
into  the  room,  and  mixing  with  the  air,  prove  injurious 
to  those  who  respire  it ;  which  is  to  be  attended  to  chiefly 
in  bed-rooms,  as  the  gas,  when  breathed,  does  not  give  a 
penoB  warning  of  his  danger,  but,  on  the  contrary,  gra- 
dually luUs  him  into  a  state  of  insensibility,  from  which 
it  is  difficult  to  rouse  him. 

Carbonic  acid  is  also  a  product  of  respiration.  If  a 
jar  be  filled  with  air  from  the  lungs,  and  which  is  easily 
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done  by  mounting  it  on  a  water  trough,  and  inserting 
into  it  a  bent  tube,  through  which  the  expired  air  can 
be  blown,  a  lighted  taper,  when  introduced,  is  extinguish- 
ed ;  and  that  this  is  owing  to  the  presence  of  carbonic 
acid,  is  shewn  by  shaking  the  gas  with  lime  water,  or, 
which  is  still  more  easily  done,  by  blowing  by  means  of 
a  tube  through  the  wat6r,  by  which  it  becomes  turbid  ; 
but  care  must  be  taken  in  this  last  instance  not  to  blow 
too  long,  because  the  turbidity  will  disappear  from  the 
solution  of  the  substance,  owing  to  the  excess  of  carbonic 
acid.     (See  Blood,) 

Carbonic  acid  gas  is  not  put  to  any  use.  In  solution 
in  water  it  is  employed  as  a  grateful  beverage,  in  which 
state  it  is  also  given  for  allaying  sickness,  and  stopping 
vomiting.  It  is,  however,  most  powerful  when  adminis- 
tered just  as  it  is  set  free  from  some  of  its  compounds, 
as  the  alkaline  carbonates  by  the  action  of  another  acid. 
(See  Citric  add.) 

Phosphoric  Acid. 

Phosphoric  acid  is  found  in  different  states,  according 
to  the  mode  followed  in  preparing  it.  When  obtained 
by  the  rapid  combustion  of  phosphorus,  a  white  flaky 
matter  is  formed,  which,  on  exposure  to  air,  acquires 
moisture,  and  becomes  fluid.  This  is  easily  collected  by 
setting  fire  to  a  piece  of  phosphorus,  and  whelming  a 
bell  jar  over  it,  the  flakes  are  deposited  on  the  plate  and 
sides  of  the  jar ;  and  that  this  has  acid  properties,  is 
shewn,  by  putting  it  into  vegetable  blue,  which  becomes 
red. 

When  liquid  phosphoric  acid  is  exposed  to  heat,  it 
boils,  and  the  watery  part  is  expelled,  and  after  continu- 
ing the  ebullition,  a  dry  opake  mass  is  left,  which,  by 
increasing  the  temperature,  may  be  fused,  and  on  cooling 
assumes  a  vitreous  appearance,  and  hence  its  name, 
gUus  of  phosphorus  ;  at  one  time  supposed  to  be  the  acid 
in  a  state  of  purity,  but  now  known  to  contain  water. 
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tod  from  which  it  cannot  be  freed  by  the  application  of 
heat. 

That  phosphoric  acid  is  a  compound  of  phosphorus 
and  oxigen,  is  proved  by  setting  fire  to  a  piece  of  phos- 
phorus, and  instantly  whelming  over  it  the  bladdered 
apparatus,  (Cuty  p.  176.^  confining  the  air  below  by 
vegetable  infusion.  As  the  inflammable  is  consumed,  the 
water  rises  to  supply  the  place  of  the  oxigen,  and  at  the 
same  time  the  colour  of  the  infusion  becomes  red.  On 
examining  it,  it  is  found  to  contain  phosphoric  acid. 

Lavoisier,  from  his  experiments  made  with  the  view 
of  ascertaining  the  proportion  of  its  ingredients,  and 
which  was  done  by  burning  phosphorus,  found,  that  100 
united  with  154  of  oxigen,  while  Rose  made  it  114,  and 
Davy  185.  The  discordance  in  these  results,  may 
have  arisen  from  inaccuracies  in  the  method  followed, 
probably  from  the  whole  of  the  phosphorus  not  being 
consumed.  By  a  more  accurate  mode  of  analysis,  as  by 
the  decomposition  of  its  salts,  we  have  arrived  at  what 
■eems  to  be  the  proportion  of  its  ingredients.  Accord- 
ing to  Thomson  they  are,  (First  Pr.  p.  201.) 

phosphorus,  100     or  42.86 
oxigen,         138.3  or  57.14 
and  as  42.86  :  57.14  : :  15  :  20 
so  that  it  is  composed  of 

1  atom  of  phosphorus,  15 

1  atom  of  oxigen,  -         20 

and  its  atomic  weight  is  35 

Phosphoric  acid  easily  unites  with  water.  When  in 
the  state  of  white  flakes,  it  combines  with  it  with  a  hiss- 
ing noise,  but  with  very  little  elevation  of  temperature. 
When  the  acid  is  fused,  it  also  unites  with  it,  but  much 
more  slowly.  When  in  this  state,  it  also  attracts  mois- 
ture from  the  air. 

None  of  the  simple  inflammables  already  described 
have  any  action  with  it,  excepting  charcoal,  by  which, 
when  exposed  to  heat,  it  is  decomposed,  the  oxigen  and 
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carbon  uniting  to  form  carbonic  acid  gas,  while  the 
phosphorus,  the  other  ingredient,  is  liberated,  and  comet 
off  in  vapour,  and  hence  the  method  always  practised  in 
preparing  it  For  this  purpose,  the  glacial  phosphoric 
acid,  after  being  reduced  to  powder,  is  mixed  with  half 
its  weight  of  charcoal,  and  put  into  a  long-necked  earthen 
retort.  Having  placed  it  in  a  sand-bath,  and  made  the 
mouth  to  terminate  in  water,  heat  is  to  be  applied,  by 
which  the  gaseous  products  are  given  off,  composed  of 
carbonic  acid  mixed  with  phosphuretted  hydrogen  ;  and 
at  the  same  time  the  phosphorus  rising  in  vapour  is  con- 
densed in  the  cold  water,  so  that  the  process  must  be 
continued  as  long  as  there  is  any  phosphorus  coming  over; 
great  care  must,  however,  be  taken  to  keep  the  mouth  of 
the  retort  all  the  time  under  water,  and  to  prevent  tJie 
neck  becoming  stopped  from  the  consolidation  of  the 
phosphorus,  and  which  is  known  by  the  diminution  of 
the  bubbles  of  gas  ;  a  hot  wire  must  be  occasionally  in* 
troduced  to  melt  it,  the  mouth  being  still  kept  under  the 
fluid.  As  earthen  retorts  are  extremely  porous,  imlest 
glazed,  it  is  necessary  to  immerse  them  into  a  thin  paste 
made  of  a  mixture  of  borax  and  lime,  which  is  fused  by 
the  heat,  and  forms  a  dense  coating,  that  prevents  the 
exudation  of  the  phosphorus. 

The  phosphorus  obtained  in  this  way  is  not  pure.  It 
is  dark  coloured  and  opake,  owing  apparently  to  its  con- 
taining  a  little  carbon,  but  from  which  it  is  easily  freed, 
by  squeezing  it  through  leather,  keeping  it  under  warm 
water,  which  will  melt  it,  and  at  the  same  time  prevent 
its  combustion. 

This  decomposition  is  an  analytic  proof  of  the  compo- 
sition of  the  acid,  that  it  contains  phosphorus  and  oxi- 
gen,  the  latter  of  which  has  combined  with  the  carbon. 

Phosphoric  acid  may  be  obtained,  as  has  been  already 
mentioned,  by  the  rapid  combustion  of  phosphorus.  It 
may  also  be  procured  by  boiling  diluted  nitric  acid  on  it, 
by  which  the  phosphorus  gradually  acquires  oxigen,  be- 
coming phosphoric  acid,  while  nitric  oxid  is  at  the  same 
time  disengaged  ;  and  after  the  whole  of  the  phosphorus 
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1mm  disappeared,  the  fluid  must  be  boiled,  till  it  ceases 
to  gire  off  acid  vapour,  and  which  is  known  by  that 
eoming  off  not  reddening  litmus  paper. 

Another  method  of  preparing  phosphoric  acid,  is  by 
the  decomposition  of  burnt  bones,  which  contain  it  in 
lUUOD  with  lime.  (See  Phosphcde  of  Lime.) 

Phosphorous  Acrn. 

Phosphorus  unites  with  a  smaller  proportion  of  oxigen, 
and  Corms  phosphorous  acid,  which  it  was  at  one  time  sup- 
posed was  generated  when  it  was  burned  slowly  in  air. 
The  product  of  the  action  is  not,  however,  pure  phos- 
phorous acid,  but  a  mixture  of  it  and  phosphoric  acid. 

Sir  H.  Davy  has  given  a  method  by  which  phospho- 
rous acid,  of  uniform  composition,  may  be  formed.  A 
quantity  of  phosphorus  is  put  into  a  tube,  so  as  to  occu- 
py a  few  inches  at  the  lower  end  of  it,  and  over  this  is 
placed  some  corrosive  sublimate  in  powder,  which  is  a 
compound  of  mercury  and  chlorine.  Heat  is  then  a])- 
pliedy  so  as  to  melt  the  phosphorus,  and  drive  it  in  va- 
pour over  the  other,  by  which  the  chlorine  and  it  unite, 
and  form  a  chlorid ;  and  if  the  opposite  end  of  the  tube 
be  kept  in  water,  the  moment  that  the  chlorid  comes  in 
ooDtact  with  it,  there  is  a  double  decomposition,  the  hy- 
drogen and  the  chlorine  uniting  to  form  muriatic  acid, 
and  the  phosphorus  and  oxigen,  phosphorous  acid. 
From  this  the  former  can  be  expelled  by  heat,  and  the 
latter  is  thus  obtained  pure.  When  evaporated  to  dry- 
ness, a  soft  crystalline  mass  is  left,  having  a  sour  taste^ 
sod  reddening  vegetable  blues. 

When  heated,  excluded  from  air,  a  gaseous  fluid  is 
giveii  off,  which  is  hydro-phosphoric  gas,  and  phosphoric 
acid  remains  in  the  apparatus.  These  are  formed  by 
the  decomposition  of  the  water  existing  in  the  acid,  the 
oxigen  having  united  with  part  of  the  phosphorous  acid, 
to  form  the  latter,  and  the  hydrogen  with  some  of  the 
phosphorus,  to  produce  the  former,  and  hence  the  me- 
thod generally  followed  in  procuring  it,  (p.  244.) 
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According  to  Gay  Lussac  and  Berzelius,  phosphorous 
acid  is  composed  of  100  phosphorus,  and  about  76  oxi- 
gen,  whereas,  according  to  Davy,  the  ingredients  are  100 
to  67.5.  This  last  seems  to  be  the  more  correct,  not  only 
because  it  nearly  agrees  with  the  result  of  the  experi- 
ments of  Thomson,  but  also  because  it  would  make  the 
oxigen  to  be  one  half  of  that  in  phosphoric  acid,  and 
consequently  in  accordance  with  the  atomic  doctrine. 
Phosphoric  acid,  it  has  been  stated,  is  composed  of  100 
phosphorus,  and  133.3  oxigen,  so  that,  if  we  suppose  the 
oxigen  in  the  phosphorous  to  be  the  half,  the  proportion 
will  be 

phosphorus,    100 
oxigen,  66.6 

and  as  100  :  66.6  : :  15  :  10 
so  that  it  contains 

1  atom  of  phosphorus,         15 
1  atom  of  oxigen,  10 

and  its  atomic  weight  is  25 

The  two  acid  compounds  already  described,  are  those, 
the  composition  of  which  has  been  ascertained ;  others 
have,  however,  been  supposed  to  exist.  Thus,  Dulong 
conceived  that  that  generated  by  the  slow  combustion  of 
phosphorus,  was  a  peculiar  acid,  to  which  he  gave  the 
name  of  pJiospJiatic,  (An.  de  Chim.  et  de  Ph.  ii.  141.) 
but  the  existence  of  this  has  by  others  been  called  in 
question ;  indeed,  from  the  experiments  of  Davy,  it 
seems  proved,  that  the  product  is  a  mixture  of  phospho- 
ric and  phosphorous  acids,  always  in  the  same  propor- 
tion. 

There  is  still,  however,  according  to  some,  another 
acid,  to  which  they  have  given  the  name  of  hypo-pho$» 
phorouSf  but  even  this  has  not  yet  been  proved  to  be  a 
distinct  acid,  having  phosphorus  and  oxigen  as  its  ingre- 
dients, so  that  we  are  to  consider  phosphoric  and  phos- 
phorous as  the  only  established  compounds  of  these  sub- 
stances. 

The  acids  of  phosphorus  are  not  put  to  any  use„  ex- 
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oept  for  making  them  yield  phosphoruSf  as  already  de- 
scribed. 


BoRAcic  Acid. 

Boracic  acid  is  obtained  in  the  form  of  white  shining 
icalesy  having  a  greasy  feel  like  that  of  spermaceti. 
They  have  a  sour  taste,  but  are  destitute  of  smell.  Their 
specific  gravity  is  1479*  When  exposed  to  heat,  they 
at  first  8weU,  owing  to  the  water  of  crystallization,  and 
theii  fuse,  becoming  a  transparent  vitreous-looking  body, 
but  which  on  cooling  is  opake.  If  the  heat  be  continued, 
there  is  no  evaporation,  unless  a  little  water  is  present ; 
and  hence  it  is,  that  when  the  temperature  is  suddenly 
raised,  some  of  the  acid  is  carried  off  with  the  watery  va- 
pour.    The  fused  mass  is  the  acid  free  from  water. 

Boracic  acid  is  soluble  in  water,  but  very  sparingly  so, 
according  to  Davy,  requiring  about  50  parts  at  a  boil- 
ing heat.  The  solution  is  transparent  and  colourless, 
and  reddens  vegetable  blues. 

It  is  also  soluble  in  alcohol,  which,  when  it  has  dissolv- 
ed it,  bums  with  a  green  flame. 

Boracic  acid  is  not  acted  on  by  any  of  the  simple 
bodies  or  acids  already  described. 

Till  the  year  1807,  the  composition  of  boracic  acid  was 
aoC  known.  Like  other  acids,  it  was  supposed  to  con- 
tain a  base  in  linion  with  oxigen,  but  this  was  mere  con- 
jecture, till  Davy  succeeded  in  decomposing  it,  and  prov- 
ed it  to  be  a  compound  of  oxigen  and  boron,  which  he 
fid  by  subjecting  it  to  galvanism,  and  also  by  exposing 
it  to  a  strong  heat  along  with  a  substance,  (Potassium^) 
which  has  a  powerful  attraction  for  oxigen.  Gay  Lussac 
and  Thenard  have  arrived  also  at  the  same  conclusion. 
The  composition  of  the  acid  has  not  yet  been  accurately 
ascertained.  Davy  supposes  it  to  contain  about  2-3ds, 
while  the  French  chemists  say  that  it  has  only  l-3d  of 
its  weight  of  oxigen.  Thomson,  from  reasoning  founded 
on  the  atomic  doctrine,  considers  its  composition  to  be 

VOL.  1.  U 


i 


S06  OXI-ACIDS. 

boron,  10 

oxigen,  20 

its  atomic  weight  being  SO 
But  he  admits  that  the  experiments  by  which  this  has  been 
ascertained,  are  by  no  means  satisfactory. 

Boracic  acid  is  found  native,  though  sparingly  ao^  in 
some  springs  in  Tuscany,  and  it  enters  into  the  composi- 
tion of  minerals ;  but  the  substance  in  which  it  is  present- 
ed in  greatest  abundance,  is  borax  or  tincal  of  commerce, 
brought  from  Thibet,  and  from  which  it  is  always  pro- 
cured, for  as  it  is  a  compound  of  the  acid  and  the  alkali 
soda,  all  that  is  necessary  is  to  decompose  it  by  a  strong- 
er acid.  (See  Borax.) 

The  acid  is  not  put  to  any  particular  use. 

Absenous  Acid. 

It  has  been  already  mentioned,  (p.  247.)  that  when  ar- 
senic is  heated  in  air,  it  is  inflamed,  and  a  white  matter 
is  formed,  which  has  been  long  used  under  the  name  of 
arsenic.  It  is  now  known  to  be  an  acid,  and  has  been 
called  arsenous  acid.  Though  it  can  be  procured  by  thfi 
direct  union  of  its  ingredients,  it  is  never  prepared  in 
this  way  for  use,  being  formed  in  those  processes  in 
which  the  native  sulphurets  are  exposed  to  heat.  In  the 
preparation,  also,  of  some  of  the  metals  from  their  ores» 
the  arsenic  they  contain  is  given  off  in  the  form  of  ane* 
nous  acid. 

It  is  commonly  purchased  in  white  cakes,  under  the 
name  of  arsenic  or  white  arsenic,  and  frequently  also  in 
powder.  It  has  an  acrid  taste,  and  is  one  of  the  most 
virulent  poisons  with  which  we  are  acquainted. 

Arsenous  acid  is  not  so  volatile  as  arsenic,  though  its 
vaporific  point  is  not  much  higher,  being  only  383. 

Different  statements  have  been  given  of  the  action  of 
water  on  the  acid.  According  to  Klaproth,  1000  at  a 
natural  temperature  take  up  only  about  2^,  but  when 
boiling,  about  77.     Fischer,  on  the  contrary,  asserts  that 
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trsenous  acid  is  insoluble,  but  when  put  into  water,  one 
part  of  it  takes  oxigen  from  the  other,  to  form  arsenic 
add,  which  is  soluble.  The  solution  is  transparent  and 
colourless,  and  reddens  vegetable  blues. 

The  results  of  the  experiments  performed,  with  the 
Tiew  of  finding  its  composition,  vary  considerably.  They 
are,  according  to 

Proott  B«nd|iit.  Thornton. 

Ar.  100  100  100 

Ox.  82.9  81.8  43.1 

Supposing  the  last  to  be  correct, 

as  100  :  42.1  : :  47.5  :  80 
so  that,  according  to  this,  it  is  composed  of 

1  atom  of  arsenic,  47.5 

2  atoms  of  oxigen,  20. 


and  its  atomic  weight  is  67.5 

When  arsenous  acid  is  exposed  to  heat  with  charcoal, 
there  is  a  decomposition,  carbonic  acid  gas  is  disengaged, 
and  arsenic  is  sublimed,  and  hence  the  method  of  pro- 
curing it.  All  that  is  necessary,  is  to  introduce  the  mix- 
tnre  of  acid  and  charcoal  into  a  retort,  having  a  receiver 
adapted  to  it,  and  apply  heat ;  the  vapour  comes  oflT,  and 
it  condensed  in  the  receiver.  As,  however,  the  acid  is 
iftrj  volatile,  it  is  better  to  mix  a  little  of  the  alkali  po- 
tmmtL  with  the  ingredients,  by  which  it  is  prevented  from 
cnapiog  in  vapour,  before  the  temperature  reaches  that 
necessary  for  its  decomposition.  Instead  of  charcoal  and 
potass,  the  substance  called  black  Jlux  is  used,  and  which 
is  prepared  by  burning  cream  of  tartar.  It  is  a  com- 
pound of  potassa  with  carbonic  acid  mixed  with  char- 
ooaL  (See  Supertartraie  of  Potash.) 

Arsenic  Acid. 

AiBenic  add  may  be  prepared  by  digesting  arsenous 
acid  in  nitric  add,  but  a  better  method  is  to  employ  a 
nixture  of  nitric  and  muriatic.     For  this  purpose  three 
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ouDces  of  arsenous  acid  are  boiled  with  seven  of 
muriatic  acid,  till  the  whole  is  dissolved,  after  which 
five  of  nitric  acid  are  added,  and  the  heat  continued,  till 
a  white  saline  mass  is  obtained,  which  is  the  pure  acid. 
In  the  first  part  of  this  process,  it  is  supposed  that  the 
muriatic  merely  dissolves  the  arsenous  acid,  and  thus 
renders  it  more  easily  acted  on  by  the  nitric,  which  com- 
municates oxigen  to  it,  and  converts  it  into  arsenic  acid, 
nitric  oxid  being  evolved. 

Arsenic  acid  is  soluble  in  water,  forming  a  transparent 
colourless  solution,  which  reddens  vegetable  blues.  It  is 
not  volatilized  by  heat,  in  this  respect  difilering  from  the 
other  ;  but  if  the  temperature  is  very  high,  it  is  decom- 
posed, part  of  the  oxigen  is  expelled,  and  arsenous  acid 
is  formed. 
Arsenic  acid,  according  to  Thomson,  is  composed  of 

arsenic,         100. 
oxigen,  6S.1 

and  as  100 :  63.1 : :  47.5  :  30, 
so  that  it  contains 

1  atom  of  arsenic,         47.5 
3  atoms  of  oxigen,        30. 

and  its  atomic  weight  will  be  77.5. 

If  the  statement  now  given  of  the  composition  of  the 
compounds  of  arsenic  is  correct,  there  must  be  another 
with  a  smaller  quantity  of  oxigen,  so  as  to  make  that  ia 
arsenic  acid,  a  multiple  proportion.  This  has  not,  how- 
ever, yet  been  discovered. 

Sulphuric  Acid. 

It  has  not  been  ascertained  at  what  time  this  acid 
was  discovered.  It  is  mentioned  by  Basil  Valentine,  who 
wrote  in  the  beginning  of  the  15th  century,  but  it  was 
probably  known  before  that.  It  was  formerly  obtained 
by  the  decomposition  of  a  salt,  containing  it  in  union 
with  iron,  called  green  vitriolf  and  hence  its  name  in 
commerce,    oil  qf  vitriol,  being  of  an  oily  consistence. 
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This  method  is  not  now  practised  here. — It  is  usually 
obtained  by  the  combustion  of  sulphur  mixed  with  nitre. 
(See  Nitre,) 

Sulphuric  acid,  as  usually  obtained,  is  a  transparent 
colourless  fluid,  of  an  oily  consistence,  having  a  very  sour 
taste,  highly  corrosive,  and  reddening  vegetable  blues. 
When  as  pure  as  usually  prepared,  it  is  of  specific  gra- 
vity 1847,  but  even  in  this  state  it  contains  a  consider- 
able quantity  of  water,  and  from  which  it  cannot  be  freed 
hj  heat.  According  to  Dalton  and  others,  it  has  at  least 
19  per  cent. 

And  as  19  :  81 :  :  11.25  :  49. 
Now  it  will  be  shewn  immediately  that  50  is  the  atomic 
weight  of  the  acid,  so  that  we  may  consider  oil  of  vitriol 
as  composed  of 

1  atom  of  acid,  11.S5 

1  atom  of  water,  50. 

And  if  so,  its  composition  by  weight  must  be, 

sulphuric  acid,  81.67 

water,        -         -         18.86 

When  of  greater  sp.  gr.  than  1847,  it  is  not  pure, 
being  contaminated  with  a  little  lead,  derived  from 
its  action  on  the  walls  of  the  chamber  in  which  it  is 
prepared* 

By  the  abstraction  of  caloric  it  freezes ;  but  the  con- 
gealing point  varies  according  to  its  strength.  When 
strong,  it  becomes  solid  at  about  — 15,  and  puts  on  a  crys- 
talline appearance,  at  the  same  time  suffering  a  slight  di- 
minution in  volume. 

By  the  application  of  heat  it  is  made  to  boil,  but  the 
point  of  ebullition  depends  also  on  its  strength.  When 
concentrated,  it  boils,  according  to  Dalton,  at  6S0,  and 
dien  passes  off  in  vapour,  which  is  very  offensive,  and 
kence  the  necessity  of  being  cautious  in  the  performance  of 
tile  experiment.  It  ought  to  be  done  in  a  well-ventilated 
room,  to  allow  the  vapour  to  escape,  and  the  heat  should 
be  applied  gradually,  bo  as  to  get  the  whole  of  the  fluid 
properly  wanned,  otherwise,  if  vapour  is  formed  before 
this  is  done,  it  is  condensed  as  it  rises  through  the  super- 
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incumbent  fluid,  and  the  agitation  produced  is  apt  to 
break  the  vesseL 

As  sulphuric  acid  can  thus  be  driven  off  in  vapour,  it 
affords  an  easy  means  of  purifying  it,  when  we  wish  it 
for  delicate  experiments.  All  that  is  necessary,  is  to 
place  it  in  a  large  retort,  so  that  it  does  not  occupy  much 
of  the  bulb,  and  apply  heat  cautiously.  When  the  acid 
begins  to  boil,  the  temperature  must  be  so  regulated,  as 
to  continue  the  ebullition  slowly,  and  by  adapting  a  re- 
ceiver kept  cool  by  ice,  the  vapour  will  be  condensed;  but 
as  the  first  part  that  comes  off  is  weak,  it  must  be  reject- 
ed, so  that  when  about  l-6th  has  passed  over,  the  re- 
ceiver may  be  changed,  and  the  distillation  continued 
till  a  sufficient  quantity  is  obtained. 

Sulphuric  acid  has  a  strong  attraction  fcH*  water.  If 
exposed  to  the  air,  or  to  any  gas  loaded  with  moisture^ 
it  unites  with  the  vapour,  and  increases  in  weight,  so 
much  so  as  actually  to  gain  l-3d  in  the  course  of  24  hours. 

The  union  of  the  acid  and  water  is  attended  with  re- 
markable phenomena.  There  is  a  considerable  condensa- 
tion, and  consequent  rise  of  temperature,  the  amount  of 
which  depends  on  the  proportions  employed ;  and  that 
there  is  so,  may  be  shewn,  by  using  a  long  tube  as  a  mea- 
sure. First  fill  it  with  acid,  and  having  emptied  it  into  a 
glass,  fill  it  with  water,  and  pour  this  on  the  other ;  but 
before  doing  so,  wrap  some  tow.  with  a  chip  of  phospho- 
rus around  the  glass.  The  moment  that  the  fluids  are 
mixed,  the  phosphorus  is  inflamed,  shewing  the  evolu« 
tion  of  heat ;  and  after  allowing  the  mixture  to  cool,  again 
measure  it,  and  it  will  be  found  that  there  is  considerably 
less  than  2  volumes.  Gadolin  found,  that  2  of  acid  and  1 
of  water  had  their  temperature  raised  about  200 ;  equal 
parts  produced  an  elevation  of  175,  and  2  of  water  and 
1  of  acid,  only  108.  The  greatest  rise  is  occasioned  by 
using  them,  according  toUre,  in  the  proportion  by  weight 
of  73  of  acid  to  27  of  water. 

If  the  acid  employed  in  this  experiment  is  pure,  the 
mixture  continues  transparent,  but  if  that  of  commerce 
be  used  it  becomes  opake,  owing  to  the  deposition  of  the 
compound  of  lead,  which  it  always  contains.     This  af- 
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fivds  another  mode  of  purifying  the  acid,  for  after  mix- 
11^  it  with  water,  the  metallic  compound  may  be  allowed 
to  fSall  to  the  bottom,  and  the  clear  fluid  may  be  drawn 
aiSl  If  required  concentrated,  all  that  is  necessary  is  to 
boil  it,  till  it  becomes  of  the  requisite  density. 

For  the  proportion  of  real  acid  in  acids  of  different 
qweific  gravity,  see  Appendix. 

When  the  acid  is  poured  on  ice,  there  is  a  change  of 
tonpeniture,  but  it  differs  according  to  the  proportions. 
If  little  acid  be  employed,  there  is  a  generation  of  cold, 
whereas,  when  the  ice  is  in  smallest  quantity,  heat  is  dis* 
engaged,  (seep.  101.) 

The  abstraction  of  caloric  from  diluted  acid  is  attend- 
ed with  peculiar  phenomena.  Mr  M^Nab  found  (Ph.  Tr. 
bxxi.)  that  the  concentrated  acid  was  frozen  at  — 15, 
iriiile  that  diluted  with  rather  more  than  half  its  weight 
of  water,  did  not  congeal  till  it  reached  — 86.  On  the 
eontrary,  however,  when  mixed  with  about  l-4th,  or  so 
as  to  make  the  specific  gravity  1780,  and  in  which  state 
it  contains  exactly  1  atom  of  acid  and  %  of  water,  it  is 
fiosen  by  plunging  it  into  snow ;  and  having  got  it  solid, 
it  eontinues  in  that  state  though  the  temperature  is  raised 
to  4S.  If  more  or  less  water  is  used,  the  heat  necessary 
for  the  congelation  becomes  lower. 

When  the  acid  is  mixed  with  snow,  till  there  is  no 
farther  evolution  of  caloric,  and  is  then  reduced  to  — 60, 
and  in  this  state  added  to  snow  at  the  same  temperature, 
the  mixture  sinks  to  — 91,  the  greatest  cold  yet  accu- 
rately measured,  (see  p.  99.) 

By  the  application  of  heat  to  diluted  acid,  the  water 
IS  driven  off ;  it  is  thus  got  of  sp.  gr.  1847,  still  con- 
taining, as  already  mentioned,  nearly  19  per  cent.  It 
is  from  this  circumstance,  the  impossibility  of  freeing  the 
add  entirely  of  its  water,  that  it  has  been  proposed  to 
call  the  common  acid,  or  oil  of  vitriol,  hydro-stdphuric^ 
a  term,  however,  not  altogether  correct,  as  hydro  is 
attached  to  the  names  of  those  acids  containing  hydro- 
gen. It  ought  to  be  hydrated  €X  hydrous  sulphuric  acid, 
the  terms  given  to  those  bodies  containing  water.  ^ 

Though  sulphuric  acid  cannot  be  freed  of  its  water  by        M 
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the  application  of  heat,  or  indeed  by  any  other  means^ 
anhydrous  acid  may  be  obtained  by  the  distillation  of 
green  vitriol,  which  is  a  compound  of  it  and  oxid  of 
iron.  For  this  purpose,  after  being  deprived  of  its 
water  of  crystallization,  it  is  put  into  a  retort,  to 
which  a  receiver  is  adapted,  and  kept  cold.  On  apply- 
ing a  strong  heat,  the  acid  is  expelled,  and  is  condensed 
in  the  receiver,  and  by  a  second  distillation,  part  is  dis- 
tilled over,  and  is  obtained  in  a  crystalline  form,  in 
which  state  it  is  entirely  free  from  water. 

When  the  anhydrous  acid  thus  prepared  is  exposed  to 
the  air,  part  flies  off  in  vapour,  and  the  remainder  becomes 
liquid,  from  its  attracting  moisture.  It  is  liquefied  at 
66,  but  to  preserve  it  fluid  it  must  be  kept  at  77,  other- 
wise small  tufts  of  crystals  are  formed.  It  chars  vege* 
table  matter  the  instant  it  touches  it.  When  thrown  into 
water  it  combines  with  it  rapidly,  emitting  a  hissinjg 
noise  as  when  a  hot  iron  is  plunged  in  it 

Sulphuric  acid,  though  considered  by  Stahl  a  simple 
substance,  is  now  known  to  be  a  compound  of  sulphur 
and  oxigen  ;  and  that  it  is  so,  is  proved  synthetically  by 
burning  sulphur  in  the  bladdered  apparatus  with  oxigen, 
over  cabbage  infusion,  which,  as  it  rises  to  supply  the 
vacuum,  is  reddened^  showing  the  production  of  acid ;  and 
that  this  is  sulphuric  is  proved  by  submitting  it  to  che- 
mical tests,  by  which  this  acid  is  detected. 

It  is  difficult  to  ascertain  the  proportion  of  the  in- 
gredients by  the  combustion,  owing  to  the  generation  oif 
another  compound  of  sulphur  and  oxigen  ;  and  different 
statements  have  been  given  of  its  composition.  The  in- 
gredients are,  according  to 

Lavoiiier.  BerthoUet  TlMnwd. 

sulphur,    -    69     61.5     55.6 
oxigen,    -     31     38.5     44.4 


100    100      100 

The  discordance  in  the  results  of  these  experiments 
was  caused  by  the  inaccuracy  of  the  methods  employed, 
the  compounds  of  sulphuric  acid  formed  having  been  de- 
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composed  by  means  of  a  substance,  the  composition  of 
wfaidi  was  not  accurately  known ;  but  since  the  pro- 
portions of  the  ingredients  of  this  have  been  discovered, 
fbose  of  sulphuric  acid  have  also  been  ascertained.  They 
have  been  found  to  be  very  nearly  40  to  60,  and  if  we 
make  allowance  for  inaccuracies  in  experiment,  we  may 
eonaider  this  as  its  composition. 

And  as  40  :  60  : :  SO  :  30 ; 
io  that  we  may  consider  it  a  compound  of 

1  atom  of  sulphur,  -  -  -         20 

S  atoms  of  oxigen,  -  -         -      30 

and  its  atomic  weight  is       -         50 
This  is,  of  course,  the  composition  of  the  real  acid,   or 
tihmt  which  enters  into  union  with  bases  and  forms  salts. 

It  has  been  already  mentioned,  that  the  acid  of  com- 
■lerce,  and  which  is  of  specific  gravity  1847,  is  a  com- 
pound of  1  atom  real  acid,  and  one  atom  water.  Hence 
its  atomic  weight  will  be  61.^,  (50  +  11.25  =  61.25.) 
,  Sulphuric  acid  is  decomposed  by  many  of  the  simple 
bodies  already  described,  as  by  phosphorus,  carbon,  and 
sulphur,  the  whole  of  them  taking  oxigen  from  it,  and 
reducing  it  to  a  lower  state  of  oxidation,  by  which  sul- 
phurous acid  is  formed,  a  compound  with  a  smaller 
proportion  of  oxigen.  When  any  piece  of  vegetable 
Blatter,  and  which  contains  carbon,  as  wood,  straw,  cork, 
dr  sugar,  is  thrown  into  the  acid,  it  gradually,  even 
at  a  natural  heat,  acquires  a  dark  tinge,  owing  to 
the  solution  of  a  part  of  the  carbon.  Hence  the  cause  of 
the  dark  colour  of  the  acid  frequently  met  with  in  com- 
merce, some  vegetable  matter  having  accidentally  fallen 
into  it.  From  this,  however,  it  may  be  freed  merely  by 
boiling,  by  which  the  carbon  acquires  oxigen,  and  is  dis- 
sipated in  the  form  of  carbonic  acid,  while  at  the  same 
time,  a  little  sulphurous  acid,  another  compound  of  sul- 
phur and  oxigen,  but  with  less  of  the  latter,  is  also 
evolved. 

When  sulphur  is  boiled  in  sulphuric  acid  there  i^  a 
flunilar  decomposition,  it  unites  with  part  of  its  oxigen 
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to  fonn  sulphurous  acid,  while  the  other,  by  being  de- 
prived of  this,  is  also  brought  down  to  the  same  state. 

Sulphuric  acid  is  occasionally  found  pure.  In  some 
volcanic  countries  it  issues  in  vapour  from  chinks  in  the 
ground,  and  being  absorbed  by  the  adjacent  waters, 
gives  the  appearance  of  lakes  of  it.  In  its  combined 
state,  it  is  a  very  abundant  production,  united  chiefly  to 
the  earths  and  metals. 

There  is,  perhaps,  no  substance  more  useful,  or  more 
abundantly  employed  in  the  arts  and  manufactures.  It 
is  used  in  medicine,  when  largely  diluted,  as  a  refrige- 
rant, and  is  very  efficacious  in  stopping  profuse  perspi- 
ration. It  is  used  in  pharmacy  in  the  preparation  of 
many  medicines.  It  is  employed  by  bleachers  for  sour- 
ing the  cloth;  by  dyers,  for  dissolving  their  indigo; 
by  calico  printers,  for  forming  the  sours  in  which  they 
soak  the  cloth,  previously  to  its  immersion  in  the  dye* 
stuff;  by  brass-founders,  button-makers,  gilders,  and 
japanners,  for  cleaning  the  •  surface  of  the  metals  with 
which  they  work  ;  and  by  hatters,  tanners,  paper-makers, 
and  many  others.  It  is  used  also  in  the  preparation  of 
nitrous  and  muriatic  acid. 

Sulphurous  Acid. 

It  has  been  already  mentioned,  that  when  sulphur 
and  sulphuric  acid  are  boiled  together,  sulphurous  acid 
is  formed.  Though  it  can  be  procured  in  this  way,  yet 
the  method  is  seldom  foUowed,  because,  owing  to  the 
high  temperature  necessary  for  the  decomposition,  a 
good  deal  of  the  sulphuric  acid  comes  off  in  vapour,  and 
contaminates  the  other.  An  easier  mode  of  preparing  it, 
is  to  deprive  the  acid  of  its  oxigen  by  means  of  a  metal, 
as  mercury.  For  this  purpose,  having  put  about  l-8th 
part  of  an  ounce  by  weight  of  mercury  into  a  retort, 
pour  on  it  an  ounce  of  oil  of  vitriol,  and  apply  heat 
so  as  just  to  keep  up  the  disengagement  of  gas.  The 
sulphurous  acid  comes  off,  and  must  be  collected  over 
mercury,  because  it  is  easily  acted  on  by  water.     In  this 


SULPHUROUS  ACID. 


S15 


ioBtiiDoey  the  mercury  taking  a  part  of  the  oxigen  from 
the  sulphuric  acid,  reduces  it  to  the  state  of  sulphurous 
add,  while  the  oxid  of  mercury  formed  is  left  in  union 
with  the  remainder  of  the  acid  not  decomposed.  This 
acid  gas  may  also  be  prepared  by  heating  some  of  the 
metallic  oxids,  as  red  oxid  of  mercury,  or  oxid  of  man- 
ganese, with  sulphur,  (see  these.) 

As  the  use  of  a  mercurial  trough  is  both  inconvenient 
and  expensive,  there  is  an  easy  mode  of  preparing  gases 
without  having  recourse  to  any  trough,  merely  by  the 
displacement  of  the  air  of  the  vessels  in  which  they  are 
to  be  collected,  provided  they  are  not  very  noxious. 
For  this  purpose  the  retort.  A,  containing  the  mixture,  has 
a  bent  tube,  B,  adapted  to  it,  with  a  bulb  at  C,  to  collect 
any  moisture  that 
may   be    condensed. 

The     lube     passed        /-^^c^fsrft 

through  a  cork  which     —  f /V^nT'^*' 

fits  the  mouth  of  the 

bottle  D,  is  made  to    ^$t^ 

terminate    near    the 

bottom.     If  the  gas 

is  heavier  than  air, 

the    mouth    of    the 

bottle  must  be  kept  up,  as  represented  in  the  cut,  so  that, 

as  it   escapes  at  the   bottom,  it  may  gradually  push 

out  the  lighter  air  above  it.  If  lighter,  the  apparatus  must 

be  adjusted  as  in  the  lower  figure,  with  the  mouth  of  the 


816  OXI-ACIDS. 

bottle  below,  so  that  it  may  force  down  the  heavier 
air.  In  this  way,  by  carrying  on  the  process  for  some 
time,  though  a  good  deal  of  the  gas  escapes,  yet  the  re- 
ceivers may  be  very  nearly  filled  with  it,  and  it  is  suffi- 
ciently pure  for  many  purposes,  as  for  merely  shewing 
the  general  properties. 

Sulphurous  acid  is  a  transparent  colourless  gas,  pos- 
sessing the  usual  mechanical  properties  of  aeriform  fluids. 
It  has  an  acid  taste  and  an  offensive  odour,  being  ex- 
tremely irritating  to  the  nostrils  and  lungs.  It  is  unfit 
for  the  support  of  respiration  and  combustion.  Its  spe- 
cific gravity,  as  given  by  different  authors,  is,  according 
to  Lavoisier,  2010;  Dalton,  2300;  Thomson,  22SS; 
which  last  is  considered  the  most  correct* 

By  strong  pressure  it  has  been  condensed  into  a  trans- 
parent colourless  fluid,  as  limpid  as  water,  and  which, 
though  cooled  to  0,  does  not  freeze  ;  but  on  exposure  to 
air  part  of  it  flies  off  in  the  form  of  gas,  and  by  the  eva- 
poration reduces  the  temperature  of  the  remainder  so 
much  as  to  keep  it  liquid.  When  a  small  piece  of  ice 
is  thrown  into  it,  it  instantly  makes  it  boil,  owing  to  the 
rapid  action,  and  consequent  disengagement  of  heat. 
Sulphurous  acid  gas  may  also  be  made  to  lay  aside  its 
gaseous  form,  by  exposing  it  at  the  same  time  to  cold) 
and  to  substances  that  will  deprive  it  of  any  foreign 
moisture.  Thus,  if  when  generated  from  any  of  the 
mixtures  mentioned,  the  bulb,  C,  of  the  apparatus  repre^ 
sented  in  last  page,  be  filled  with  the  substance  called 
muriate  of  lime,  which  has  a  powerful  attraction  for  wa- 
ter, and  the  bottle,  D,  be  surrounded  by  a  mixture  of 
ice  and  salt,  a  transparent  colourless  liquid  is  obtained, 
and  which  is  anhydrous  sulphurous  add. 

When  the  acid  thus  prepared  is  exposed  to  the  air,  un- 
der the  usual  pressure,  it  flies  off  in  the  form  of  gas,  ge- 
nerating a  great  degree  of  cold.  If,  for  instance,  it  is 
poured  on  water,  it  evaporates  and  reduces  its  tempera- 
ture, so  as  actually  to  make  it  freeze.  Or  if  the  bulb  of 
a  mercurial  thermometer  covered  with  muslin  be  immers- 
ed in  it,  and  then  whirled   in  the  air,  the  mercury  itself 


SULPHUROUS  ACID.  817 

u  froaen.  Even  some  of  the  gases  may  be  condensed 
with  it,  merely  by  surrounding  the  tube  containing  them 
with  cotton,  the  cold  produced  by  the  evaporation  being 
sufficient  to  cause  them  to  become  fluid. 

Water  absorbs  sulphurous  acid  gas.  If  a  little  be  in- 
troduced into  a  jar  of  it  standing  over  mercury,  there  is 
an  absorption,  the  mercury  with  the  water  on  its  surface 
rising  and  filling  the  jar.  Or  if  the  mouth  of  the  retort 
from  which  the  gas  is  issuing,  be  placed  in  water,  there 
is  no  escape  of  it,  the  whole  being  instantly  absorlll 
ed,  so  that  in  this  way  a  saturated  solution  can  be  pre- 
pared. According  to  Dalton,  water  takes  up  22,  accord- 
injf  to  Thomson  33,  and  according  to  Saussure  43  times 
its  volume  of  the  gas.  The  solution  is  transparent  and 
colourless,  of  specific  gravity  1050.  When  exposed  to 
cold^  so  as  to  freeze  it,  the  gas  is  not  liberated.  On  ex- 
posure to  air,  it  is  gradually  converted  to  sulphuric  acid, 
owing  to  the  absorption  of  oxigen. 

Though  the  gas  is  thus  easily  absorbed  by  water,  it  is 
remarkable  that  the  fluid  has  not  the  distinguishing  cha- 
racter of  an  acid,  that  of  reddening  vegetable  blues ;  on 
the  contrary,  it  banishes  them,  as  when  it  is  added  to 
cabbage  infusion.  The  colour  is  not,  however,  destroyed^ 
for  if  any  other  acid  be  added,  as  sulphuric  acid,  it  is  re- 
called, and  then  becomes  red. 

The  action  between  sulphurous  and  nitrous  acid  gases 
is  important,  provided  water  is  present.  When  mixed 
in  a  jar  over  mercury,  and  quite  dry,  there  is  no  action, 
but  the  moment  a  little  water  is  admitted,  the  colour  of 
the  nitrous  acid  disappears,  the  sulphurous  acid  acquires 
oxigen  from  it,  and  sulphuric  acid  and  nitric  oxid  are  gene- 
rated, the  former  of  which  is  absorbed  by  the  fluid,  while 
the  latter  remains  gaseous  ;  (nitrous  acid  for  this  experi- 
ment is  easily  prepared  by  putting  nitric  oxid  and  oxi- 
gen into  the  jar.)  On  the  introduction  of  air  or  oxigen, 
more  nitrous  acid  may  be  produced,  and  which,  on  the 
admission  of  more  sulphurous  acid,  will  give  ofi^  oxigen  to 
it,  to  convert  it  into  sulphuric  acid ;  so  that  by  a  small 
quantity  of  nitric  oxid,  any  quantity  of  sulphurous  may 
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be  converted  to  sulphuric  acid,  provided  air  and  water 
are  also  present.  It  is  in  this  way  it  is  supposed  to  act 
during  the  preparation  of  oil  of  vitriol.   (See  Niire.) 

Sulphurous  acid  gas  is  decomposed  by  exposing  it  to 
substances  having  a  powerful  attraction  for  oxigen,  as 
when  it  is  passed  through  an  incandescent  tube  with  hy- 
drogen, or  over  red-hot  charcoal,  the  hydrogen  or  carbon 
forming  water,  or  carbonic  acid,  and  causing  a  deposi- 
tion of  sulphur.  When  iodine  is  put  into  its  solution, 
tlie  water  is  decomposed,  and  sulphuric  acid,  and  a  com- 
pound of  iodine  and  hydrogen,  are  formed. 

All  of  these  experiments  prove,  that  it  is  composed  of 
sulphur  and  oxigen,  and  the  statements  of  different  che- 
mists very  nearly  agree  with  respect  to  their  proportions* 
They]^are,  according  to 

Bendiiu.  Gay  Lu«ac.  TWmmML 

Sulphur,  50.03  61.3  58 

Oxigen,  49.97  48.7  47 


100  100  100 

The  slight  discordance  in  these  results  is  owing  to  the 
formation  of  a  little  sulphuric  acid  during  the  experi- 
ments, which  were  conducted  by  burning  the  sulphur  in 
oxigen. 

Davy  and  Gay  Lussac  assert,  that  when  oxigen  unites 
with  sulphur  to  form  the  acid  gas,  there  is  no  change 
in  volume.  If  so»  we  have  an  easy  method  of  determin- 
ing the  proportions,  we  have  merely  to  deduct  the  sp. 
gr.  of  oxigen  from  that  of  the  gas,  and  the  remainder 
is  the  weight  of  the  sulphur. 

2222  —  1111  =  1111. 
So  that  they  are  in  equal  weights,  and  with  which  Berze- 
lius^s  statement  very  nearly  agrees;  consequently,  20  being 
the  atom  of  sulphur,  and  10  that  of  oxigen,  sulphurous 
acid  must  contain 

1  atom  of  sulphur,  20 

2  atoms  of  oxigen,  20 

and  its  atomic  weight  will  be    40 
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Sulphurous  acid  gas  is  absorbed  by  sulphuric  acid, 
and  gives  it  a  brownish  tinge,  but  from  which  it  can  be 
freed  by  boiling.  The  fluid  emits  fumes  on  exposure  to 
air,  and  is  congealed  by  a  slight  reduction  of  tempera- 
ture. 

The  only  use  to  which  sulphurous  acid  is  applied, 
is  in  bleaching,  particukrly  worsted  stuffs  and  straw. 
For  this  purpose  the  goods,  after  being  wetted,  are 
bung  up  in  rooms  or  boxes,  in  which  the  sulphur  is 
burned  in  small  dishes ;  the  fumes  are  absorbed  by  the 
moisture,  and  act  on  the  colouring  matter,  gradually  de- 
stroying it.  The  action  of  the  fumes  of  sulphur  is  beau- 
tifully illustrated,  by  suspending  a  rose  in  the  upper  part 
of  a  glass  jar,  open  at  each  end,  and  placing  it  over  a  dish 
with  burning  sulphur,  leaving  an  opening  below,  for  the 
admission  of  air.  After  being  left  in  for  some  time,  the  co- 
lour gradually  disappears.  The  same  may  be  done  also 
with  many  other  flowers,  or  with  a  leaf  of  red  cabbage. 
Though  the  colour  is  thus  banished,  it  is  not  destroyed ; 
it  may  be  recalled  by  the  action  of  a  stronger  acid.  If 
the  rose  be  placed  into  much  diluted  sulphuric  acid,  it 
gradually  becomes  red  again  ;  and  it  is  also  remarkable 
that  the  vitality  of  the  flower  is  not  injured ;  so  that 
the  blanching  may  be  done  only  on  one  or  a  few  of  those 
on  a  plant,  which  afterwards  continues  quite  healthy. 

Hrpo-SuLPHcraous  and  Hypo-Sulphuric  Acid. 

Two  other  acids  of  sulphur  and  oxigen  have  been 
described,  the  one  by  Herschell,  the  other  by  Gq,y  Lus- 
sac  and  Welter. 

When  sulphur  is  boiled  with  alkaline  solutions,  com- 
pounds are  formed,  which  contain  the  alkali  in  union 
with  an  acid  composed  of  sulphur  and  hydrogen,  the 
latter  derived  from  the  decomposition  of  the  water. 
When  these  are  exposed  to  air  oxigen  is  absorbed,  which 
uniting  with  the  sulphur,  converts  it  into  another  acid, 
now  called  hypa-stdphurouSj  (See  Sulphuretted  Hydro^ 
Stdphurei  of  Potass.)  This  acid  has  not,  however, 
been  procured  in  its  separate  state,  but  from  the  expe- 
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limeDtB  of  Mr  Herschell,  (Ed.  Ph.  Journ.  i.  8,)  there 
is  eveiy  reason  to  believe,  not  only  that  it  is  a  distinct 
acid|  but  also  that  its  composition  is 

sulphur,  100 

oxigen,  50 

If  so,  it  contains 

1  atom  of  sulphur,  20 

1  atom  of  oxigen,  10 

and  its  atomic  weight  will  be  SO 
Hence  also  the  origin  of  the  name  hypo^4ulphurcu9f 
being  an  add  with  less  oxigen  than  exists  in  sulphurous^ 
(yw9,  under.) 

The  other  acid,  which  has  been  called  hypO'Wiphurief 
is,  according  to  Gay  Lussac,  (An.  de  Chim.  et  de  Piiys» 
X.)  a  compound  of 

sulphur,         100 

oxigen,  125  t 

It  is  doubtful,  however,  if  this  is  really  a  distinct  aeifl^ 
more  particularly  as  in  its  composition  it  docs  not  ao« 
cord  with  the  atomic  doctrine,  125  not  being  a  multiple' 
of  50,  which  is  the  oxigen  in  that  with  the  smallest  pr^ 
portion.  Others,  who  allow  the  existence  of  an  acid  ia 
these  proportions,  are  inclined  to  consider  it  as  composed: 
of  an  atom  of  sulphurous  and  an  atom  of  sulphuric  add^ 
together,  making  a  compound  acid ;  if  so,  its  compositioa  { 
will  be 

Sulph.  Ox. 

1  atom  sulphurous  acid  =  20  20 

1  atom   sulphuric  acid  =20  30 

And  the  compound  atom  will  contain  40  50 

And  as  40  :  50  :  :  100  :  125, 
the  proportions  yielded  by  its  analysis. 

Chloric  Acid. 

This  is  the  acid  that  exists  in  the  salt  which,  it  has 
been  already  mentioned,  is  employed  in  the  preparation 
of  the  two  oxids  of  chlorine,  and  which  has  been  long 
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known  by  the  name  of  the  hyper^aimuriaU  of  potass. 
Many  attemptfi  had  been  made  to  procure  the  acid  in  its 
separate  state,  but  without  success,  till  Gay  Lussac,  in 
1814,  (An.  de.  Chim.  xci.)  pointed  out  a  method  of  doing 
so,  from  a  salt  containing  it  in  union  with  the  earth  ba- 
ryta. For  this  purpose,  to  a  solution  of  the  chlorate  of 
baryta^  (see  the  Chlorate^)  add  sulphuric  acid  as  long  as 
there  is  any  precipitation,  by  which  the  baryta  is  preci- 
pitated with  it,  and  the  chloric  acid  is  left  in  solution, 
and  may  be  concentrated  by  evaporation. 

Ab  itkUB  prepared,  it  is  a  transparent  colourless  fluid 
of  ma  culy  consistence,  having  an  acid  taste,  and  reddening 
T^getable  blues.  By  the  application  of  strong  heat,  part 
of  it  is  volatilized,  part  decomposed,  and  resolved  into  its 
constituents,  oxigen  and  chlorine. 

The  proportions  of  its  ingredients  have  been  discover* 
ed,  by  decomposing  some  of  its  salts,  as  that  used  in  the 
preparation  of  the  oxid,  and  which  is  done  merely  by  the 
application  of  heat,  (see  Chlorate  qf  Potass^)  by  which 
oougeo  gas  is  disengaged,  and  the  chlorine  is  left  in  union 
vith  the  metallic  base  of  the  potass ;  so  that,  by  collect- 
ing the  former,  and  weighing  the  latter  produced  by  the 
decomposition  of  a  certain  weight  of  the  salt,  the  pro- 
portions are  found.  Thus,  100  of  the  dry  salt  yield 
8&88  of  oxigen,  and  leave  in  the  retort  61.12  of  the  com- 
pound of  chlorine  and  potassium,  which  consists  of  S8.9S 
chlorine,  and  8S.18  of  potassium.  Now,  32.18  require 
6.57  of  oxigen  to  convert  them  to  potass,  in  which  state 
Aey  existed  in  the  salt,  and  deducting  this  from  38.88, 
leaves  S2.81,  which  must  have  been  in  union  with  the 
S8.92  chlorine ;  and 

as  28.92  :  32.31  :  :  45  :  50 ; 
so  that  we  may  consider  it  composed  of 

1  atom  of  chlorine,        45 
5  atoms  of  oxigen,         50 

and  its  atomic  weight    95 

VOL.  I.  X 


/ 
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And  as  an  atom  of  oxigen  is  represented  by  1  to* 
lume,  and  that  of  chlorine  by  S»  chloric  acid  must 
consist  of 

chlorine,'  2 

oxigen,  5 


Peb-Chlobic  Acid. 

Count  Van  Stadion  of  Vienna  has  giren  an  account 
of  another  acid  of  chlorine  and  oxigen,  and  to  which  the 
name  of  per-chloric  has  been  given.  When  the  deutoxid 
of  chlorine  is  prepared  from  the  mixture  of  sulphuric 
acid  and  chlorate  of  potass,  a  saline  matter  is  left  in  the 
apparatus,  which  contains  potass,  partly  in  union  with 
this  acid,  and  which  may  be  separated  by  sulphuric 
acid.     (See  Chlorate  of  Potass.) 

According  to  Stadion,  the  salt  containing  it  in  uni<m 
with  potass,  is  decomposed  by  heat,  by  which  oxigen  is 
givM  off,  and  the  chlorine  is  left  in  union  with  the  metaL 
liQ^base  of  the  alkali  ^  so  that,  by  collecting  the  oxigen^ 
and  weighing  the  residuum  from  a  certain  weight,  he 
has  fixed  the  proportions  at 

chlorine,  89 

oxigen,  61 


«  '  V 


'       100 
and  as  89  :  61  :  :  45  :  70 ; 
so  that,  if  the  experiment  is  correct,  it  is  a  compound  of 

1  atom  of  chlorine,  45 

7  atoms  of  oxigen,  70 

its  atomic  weight  being     115 

Volk 

that  is,  of  chlorine,  2 

oxigen,  7 

With  the  properties  of  this  acid  we  are  not  at  all 

quainted. 
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Iodic  Acid. 

Iodic  acid  was  discovered  by  Davy»  (Ph.  Tr.  1815.) 
It  cannot  be  procured  by  the  direct  union  of  its  ingre- 
dientSy  but  it  may  be  formed  by  exposing  iodine  to  the 
action  of  substances  containing  oxigen,  for  which  pur- 
pose euchlorine  is  employed.  When  the  mouth  of  the 
retort  from  which  this  is  issuing,  when  generated  in  the 
usual  way^  (see  Chlorate  of  Pottissa,)  is  placed  in  a  bot- 
tle containing  iodine,  two  new  compounds  are  formed, 
ooe  coataining  iodine  and  chlorine,  the  other  iodine  and 
ocd^en*  By  the  application  of  heat,  the  former  is  driven 
6fy  and  the  latter  is  left.     It  is  iodic  acid. 

lodi^  acid,  as  thus  procured,  is  a  white  semi-transpa- 
rent substance,  having  a  very  acid  taste,  first  reddening, 
and  then  destroying,  vegetable  blues.  When  subjected 
to  keaty  it  is  decomposed,  and  resolved  into  its  compo- 
nent parts,  by  which  we  have  a  method  of  finding  the 
proportions  of  its  ingredients.  According  to  Davy,  100 
graina  give  out  SS.6  of  oxigen ;  so  that  the  remainder, 
96.4^  must  have  been  iodine,  thus  making  the  propor* 

iodine,  76.4 

oxigen,  SS.6 

Gay  Lussac,  by  decomposing  it  in  the  same  way,  has 
fixed  them  at  75.76,  and  S4.S4  ; 

and  as  75.76  :  24.24  : :  155  :  48 ; 
so  that,  making  allowance  for  error  in  experimenting,  it 
is  probably  a  compound  of 

J  atom  of  iodine,  155 

5  atoms  of  oxigen,  50 

its  atomic  weight  being  205 
Iodic  acid  possesses  the  remarkable  property  of  com- 
bining with  other  acids,  and  forming  peculiar  compounds. 
When  sulphuric  acid  is  added  to  it^  a  substance  is  pre« 
dpitated,  which  seetos  to  contain  both,  and  which  is  de- 
composed by  a  strong  heat,  giving  off  iodine,  oxigen,  and 
sulphuric  acid'.    The  same  happens  with  nitric,  phot* 

x2 
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phoric,  carbonic,  and  boradc  acids ;  compounds  of  both 
are  formed,  which,  when  heated,  give  out  iodine,  oxigen, 
and  the  other  acid,  with  which  the  iodic  was  in  union. 


Selsnic  Acid. 

It  has  been  already  mentioned,  that  when  selenium  is 
heated  in  air,  selenic  oxid  and  acid  are  formed.  Though 
the  acid  may  thus  be  procured  by  synthesis,  it  is  more 
easily  prepared  by  boiling  nitro-muriatic  acid,  or  aqua 
regia,  on  selenium,  by  which  oxigen  is  communicated  to 
It,  and  selenic  acid  is  formed,  and  may  be  obtained  by 
evaporation. 

As  thus  procured,  it  is  a  white  saline-looking  matter, 
which,  when  heated,  becomes  a  vapour  of  the  colour  of 
chlorine,  and  again  condenses  in  the  cool  part  of  the  ap- 
paratus. Selenic  acid  has  a  sour  taste.  It  is  very  solu- 
ble in  cold,  and  in  any  quantity  in  boiling  water,  the  so- 
lution as  it  cools  depositing  crystals.  It  is  easily  decom- 
posed by  those  substances  having  a  powerful  affinity  for 
oidgen ;  for  instance,  some  of  the  metals,  as  iron  and 
zinc,  by  which  the  oxigen  is  removed,  and  the  selenium 
deposited. 

According  to  Berzelius,  it  is  composed  of 

selenium,    100.      or  71.S5 
oxigen,         40.33  or  28.75 
and  as  71.35 :  28.75 : :  50 :  20.1 ; 
so  that  we  may  consider  it  composed  of 

1  atom  selenium,       50 

2  atoms  of  oxigen,     20 

and  its  atomic  weight  will  be  70 

Cyanic  Acid. 

When  sulphur,  chlorine,  and  iodine,  are  heated  with 
alkaline  solutions,  there  is  the  formation  of  two  acids, 
by  the  decomposition  of   the  water,  and  transference 
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ef  its  iogrediento  to  the  simple  substances.  A  similar 
change  is  effected  with  cyanogen,  for  though  Gaj  Lu9-^ 
sac,  (An.  de  Chim.  tcv.)  who  first  noticed  the  absorp- 
tion of  cyanogen,  when  passed  through  a  solution  of 
potassa,  imagined  that  it  united  with  the  alkaline 
base,  yet  it  has  been  found  by  the  experiments  of 
Wohler,  (An.  de  Ch.  et  de  Ph.  xx.  xxvii.)  that  it  de- 
composes the  water,  and,  by  uniting  with  its  ingredients, 
forms  acids,  one  of  which,  from  its  containing  oxigen,  is 
called  cyofttc.  The  same  acid  is  also  formed  and  united 
with  potassa,  by  exposing  to  heat  a  mixture  of  the  salt 
called  ferrocyanate  of  potass,  and  oxid  of  manganese, 
(see  Manganese^)  the  one  containing  cyanogen  in  union 
with  iron,  the  other  a  metal  and  oxigen,  the  latter  of 
which^  by  the  application  of  heat,  unites  with  the  cy- 
anogen, and  forms  cyanic  acid,  which  is  left  combined 
with  the  potassa  of  the  salt.     (See  Manganese.) 

The  acid  thus  generated  has  not  yet  been  procured  in 
its  separate  state,  for,  from  the  apparently  weak  affi- 
nity by  which  its  ingredients  are  held  in  union,  when* 
any  aidd  is  added  to  its  salts  with  the  view  of  removing 
the  base,  it  is  decomposed,  and  resolved  into  carbonic: 
acid  «kd  ammonia,  the  former  generated  by  the  union  of 
the  carbon  of  cyanogen  with  the  oxigen  both  of  the  acid 
and  of  the  water,  and  the  latter  by  the  combination  of 
the  nitrogen  of  the  first,  and  the  hydrogen  of  the  last. 
The  same  is  the  case  also  when  the  salt  is  heated,  car- 
bonic acid  and  ammonia  being  the  products,  and  in  this 
way,  though  Wohler  failed  in  obtaining  the  acid,  yet  he 
succeeded  in  discovering  the  proportions  of  its  ingre- 
dients.    They  are,  according  to  him, 

carbon,  16    or    2  atoms 

nitrogen,        17.6  or    1  atom 

oxigen,  10    or     1  atom 

But  3  of  carbon  and  1  of  nitrogen  constitute  cyanogen, 
so  that  cyanic  acid  is  composed  of 

1  atom  cyanogen,       82.5 
1  atom  oxigen,  10 

and  its  atomic  weight        42.6 
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« 

Cyanogen  and  oxlgen  exist  in  a  state  of  c<»nbinatioii« 
.  apparently  in  the  >same  proportions,  in  some  of  the  fuU 
minating  metallic  compounds^  as  that  of  sdlrer ;  but  in 
these  it  is  supposed  that  a  part  of  the  metal  acts  as  the 
medium  of  communicatim,  and  accordingly  must  be 
cxmsidered  as  an  ingredient  of  the  acid ;  the  cyanogm 
and  metal  probaUy  forming  a  compound  radical  in 
union  with  oxigen,  and  thu3  qonstituting  the  add ;  an 
opinion  strengthened  by  the  fact  that  cyanogen  is  known 
to  enter  into  union  with  iron,  in  its  metallic  state,  ami 
form  a  base  acidifiable  by  hydrogen.  (See  Iron,)  Ue* 
\^igf  (An.  de  Ch,  et  de  Ph.  xxiv.)  was  the  first  who 
threw  out  this  conjecture  with  respect  to  the  nature  of 
fulminating  silver,  and  from  an  analysis  afterwards  per* 
formed  fay  himself  ai^  Gay  Lussac,  (Ibid.  xuvS)  it  waa 
found  that  the  peculiar  adid  existing  in  it  contaijied  en 
atom  of  oxigegd  and  of  cyig^ogen  ;  but  in  tbteir  attempts 
to  decwipose  it,  though  the  oxid  of  silver  was  sepeMted 
by  the  addition  of  other  re-agents,  yet  the  acid  .|dwa|ni 
contained  silver*  They  have  given  it  the  name  of  l%t* 
fisafiu;  Addj  to  distinguish  it  from  the  cyanic  of  Wohler. 
(See  Mercury  cmd  Silver,) 

If  these  opinions  of  Gay  Lussac  and  Liebig  be  hereafter 
cetablished,  it  will  be  a  confirmation  of  the  r emarka  nuule 
^  88S«),  that  there  exist  not  only  simple  but  com- 
pound bodies,  acidifiable  both  by  oxigen  and  hydmigpen. 


ACIDS  WITH  HYDROGEN. 
Sulphuretted  HvnaoojeK,  oa  Htdeo-Sulphubic  Acid. 

Wren  sulphur  is  heated  in  hydrogen  gas^  they  uj|ite^ 
and  form  a  transparent  colourless  gas»  called  sulphuretted 
hydrogen,  discovered  by  Scbeele  in  1777|  since  which  it 
has  been  made  the  subject 'of  investigation  by  Bergman, 
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KirwaD,  and  Berthollet,  and  more  lately  by  almost  all 
chemists  of  distinctioo  of  the  present  time. 

Though  sulphuretted  hydrogen  can  be  formed  by 
the  direct  union  of  its  ingredients,  it  is  not  prepared  in 
this  way  for  use,  being  always  procured  by  the  decompo- 
sition of  water,  by  means  of  an  acid  and  a  metallic  com- 
pound containing  sulphur,  such  as  sulphuret  of  iron  or 
of  antimony.     (See  Iron.) 

Sulphuretted  hydrogen  is  a  transparent  colourless  gas, 
having  a  very  fetid  odour  and  taste,  resembling  that  of 
putrid  eggs.  It  extinguishes  combustion,  and  is  unfit 
£or  the  support  of  animal  life.  Even  when  breathed 
iMXfj^y  diluted  with  air,  it  proves  fatal  in  a  very  short 
time.  Its  specific  gravity,  according  to  Davy^  is  1196, 
while  Thomson  makes  it  1178;  but  from  reasoning 
Ibunded  on  the  atomic  doctrine,  he  says  it  ought  to  be 
1180  ;  100  cub.  inches  weighing  35.9  grains. 

When  subjected  to  great  pressure,  it  becomes  a  trans- 
paxenty  very  limpid,  colourless  fluid,  which,  when  exposed 
to  the  atmosphere,  instantly  flies  off  in  the  state  of  gas. 

Whpa  electric  sparks  are  passed  through  it,  it  is  de- 
oomposed,  sulphllr  is  deposited,  and  pure  hydrogen  is  set 
fi^ec^  qpKsfl^.of  the  same  volume  as. the  gas  itself. 

When  heated  in  contact  with  air,  it  takes  fire,  and 
buma  slowly  with  a  pale  bluish  red  flame,  and  sulphur  is 
deposited  on  the  sides  of  the  vessel.  If,  however,  it  be 
previoufily  mixed  with  oxigen  gas,  it  explodes,  and  there 
is  no  deposition  of  sulphur  \  the  proper  proportions  are, 
2  of  gas  to  8  of  oxigen,  1  of  which  unites  with  the  hy- 
drogen and  generates  water,  while  the  other  S  combine 
with  the  sulphur  to  form  sulphuric  acid,  which  are  the 
only  products  of  the  action. 

From  these  experiments  it  is  evident,  that  sulphuret- 
ted hydxDgeo  has  sulphur  and  hydrogen  as  its  ingredients^ 
and  the  decomposition  by  electricity  shews  that  it  con- 
tains its  own  volume  of  hydrogen ;  so  that  its  propor- 
tions ane  easily  ascertained,  by  deducting  the  sp.  gr.  ctf 
hydrogen  from  that  of  sulphuretted  hydrogen,  and  the 
remainder  is  the  quantity  of  sulphur. 
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1180  —  69  =  1111; 
and  as  1111 :  69 : :  20 : 1.24, 
90  nearly  126,  that  we  consider  it  a  compound  of 

1  atom  of  sulphur,       -        20. 
1  atom  of  hydrogen,        -      1.25 


and  its  atomic  weight         -         21.25 

Sulphuretted  hydrogen  is  easily  absorbed  by  water^ 
100  cubic  inches  of  which,  according  to  Saussure,  take 
up  about  250.  The  solution  is  transparent  and  colour- 
less, having  the  disagreeable  odour  and  taste  of  the  gas. 
It  has  the  power  of  reddening  yegetable  blues,  in  this 
respect  resembling  the  other  adds  already  described. 
When  exposed  to  the  air,  a  part  of  the  gas  flies  off,  but 
another  part  is  decomposed,  and  deposits  sulphur,  so 
that  the  solution  becomes  opake.  On  the  addition  of  ni- 
trous acid  there  is  also  a  deposition  of  sulphur,  the  acid 
giving  off  oxigen  to  the  hydrogen. 

Sulphuretted  hydrogen,  in  the  gaseous  foiin,  is  also 
easily  decomposed  by  nitrous  acid.  If  a  few  drops  of 
the  fuming  acid  be  thrown  into  a  jar  of  it,  sulphur,  is  in- 
stantly deposited,  and  the  hydrogen  combines  with  oxu 
gen;  and  during  their  union  heat  is  disengaged,  suflScient 
to  cause  inflammation,  particularly  if  the  mouth  of  the 
vessel  be  loosely  covered  after  the  introduction  of  the  add. 

Sulphuretted  hydrogen  acts  very  powerfully  on  almost  all 
metallic  substances,  in  general  giving  them  a  dark  coating. 
Hence  it  is  that  silver  goods  are  so  easily  tarnished,  ow- 
ing to  the  sulphureous  vapours  constantly  floating  in  the 
atmosphere,  and  especially  in  apartments  where  coal  is 
used  as  fuel,  coal  in  general  containing  a  considerable 
quantity  of  sulphur. 

It  is  from  the  ease  with  which  metallic  matter,  whether 
pure  or  in  combination,  is  acted  on  by  sulphuretted  hy- 
drogen, that  they  are  used  as  tests  of  it.  If,  for  instance, 
the  smallest  quantity  of  this  gas  should  exist  in  any  other 
gaseous  body,  it  is  easily  detected  by  the  introduction 
of  a  piece  of  white  paper,  soaked  in  solution  of  sugar 
of  lead,  which  will  instantly  acquire  a  dark  colour. 
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As  sulphuretted  hydrogen  is  in  every  respect  to  be 
considered  an  acid,  not  only  because  it  reddens  vegetable 
blues,  but  because  it  combines  with  alkalies  and  earths, 
and  forms  salts,  it  has  been  proposed  by  German  che- 
mists to  call  it  hydro-thionic  acid^  (from  hydrogen^  and 
liK,  sulphur.)  Gay  Lussac  has  given  it  the  name  of 
Mfdra-mlfhuric  addj  a  term  rejected  by  English  chemists, 
because  it  has  been  applied  by  Davy  to  oil  of  vitriol, 
which  contains  sulphuric  acid  and  water.  But  those 
bodies  containing  water  are  called  hydrates ;  it  would  be 
better,  therefore,  to  adopt  the  name  given  either  by  the 
Germans,  or  that  of  Gay  Lussac,  as  thus  a  great  deal  of 
eonfasion,  particularly  when  treating  of  its  compounds, 
would  be  avoided. 

Sulphuretted  hydrogen  exists  in  many  mineral  waters, 
as  those  of  Harrowgate,  Moffat,  Aix-la-Chapelle,  &c. 
which  are  supposed  to  be  efficacious  in  cutaneous  diseases, 
from  the  sulphuretted  hydrogen  they  contain. 
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Sulphur  and  hydrogen  unite  in  other  proportions  than 
those  in  the  preceding  compound,  and  form  another  acid, 
called  super-sulphuretted  hydrogen.  It  cannot  be  pro- 
cured by  the  direct  union  of  its  ingredients,  but,  on  the 
addition  of  another  acid  to  some  of  its  compounds,  it  is 
liberated.  Thus,  when  the  solution  of  the  salt  formed 
by  boiling  sulphur  in  water  of  potass,  and  which  is  a 
compound  of  the  alkali  with  super-sulphuretted  hydro- 
gen, (see  Suiphm-etied  Hydrostdphuret  of  Potass,)  is 
poured  into  about  its  own  bulk  of  muriatic  acid,  glo- 
bules of  an  oily-looking  fluid  are  gradually  deposited, 
which  are  the  acid  set  free  from  the  potass.  It  is  of  a 
yellowish  colour,  has  an  odour  similar  to  that  of  sulphu- 
retted hydrogen,  but  not  so  offensive.  When  heated  in 
air,  it  bums,  and  emits  sulphurous  acid. 

According  to  Dalton,  it  contains  double  the  quantity 
of  sulphur  that  exists  in  sulphuretted  hydrogen.     If  so. 
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it  is  a  compound  of  two  atoms  sulphuri  and  one  hydro- 
gen. 

We  are  little  acquainted  with  it  in  its  uncombined 
state,  but  when  in  union  with  salifiable  bases,  it  forms 
interesting  compounds,  called  sulphuretted  hjfdro-wlphu» 
rets. 

MoBiATic  OR  Hydbo-Chlobic  Acid. 

Muriatic  acid  has  been  long  known  as  an  important 
and  useful  acid.  It  is  mentioned  in  the  writings  of  Ba- 
sil Valentine,  who  flourished  in  the  fifteenth  century. 
Mr  Cavendish  first  obtained  it  in  the  state  of  gas,  but 
was  not  aware  of  its  compontion.  Its  properties  were 
afterwards  examined  by  Priestley  and  Scheele,  and  more 
lately  the  investigation  of  its  qualities,  particularly  with 
the  view  of  ascertaining  its  composition,  has  occupied 
the  attention  of  all  the  chemists  of  distinction  of  the  pre* 
sent  time.  It  was  formerly  called  spirit  qfsea  salty  and 
marine  acid,  which  have  given  way  to  that  of  muriatic 
acid,  derived  from  ftv^uh  salt  water. 

As  usually  procured,  it  is  a  liquid,  more  or  less  co- 
loured from  the  admixture  of  foreign  matter.  In  its 
pure  state,  however,  it  is  a  transparent  colourless  gas» 
having  a  peculiar  pungent  odour.  When  inspired,  even 
though  largely  diluted  with  air,  it  irritates  the  fauces^ 
and  occasions  a  sense  of  suffocation.  It  is  almost  impoa* 
sible  to  draw  it  into  the  lungs  when  pure,  hence  it  is 
unfit  for  the  support  of  animal  life.  It  does  not  support 
combustion,  a  lighted  taper,  when  inmiersed  in  it,  being 
instantly  extinguished.  It  has,  however,  a  peculiar  ef- 
fect on  the  flame,  which,  just  before  it  ceases,  acquires 
a  green  tinge.  This  is  best  illustrated  by  putting  the 
candle  into  a  mixture  of  air  and  gas,  so  as  to  keep  it 
burning,  and  for  this  purpose,  having  put  a  little  sea 
salt  at  the  bottom  of  a  vase,  pour  on  it  a  few  drops  of 
oil  of  vitriol.  Muriatic  gas  will  be  disengaged  from  the 
salt,  and  mixing  with  the  air  of  the  vessel,  will  commu- 
nicate a  green  tinge  to  a  candle,  when  plunged  into  it. 
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The  sp.  gr.  of  muriatic  acid  gas  has  been  yariously  stat- 
ed. AcaHding  to  Biot  and  Arrago,  it  is  1S50,  while 
Thomson  makes  it  1^84.  When  subjected  to  high  prea- 
sure,  Faraday  found  that  it  fcH*med  a  transparent  colour- 
less fluid. 

The  proofs  of  the  composition  of  muriatic  acid  gas  are 
sufficiently  strong.  It  has  been  already  mentioned,  (p. 
961.)  that  when  equal  vcdumes  of  chlorine  and  hydrogen 
are  mixed,  they  may  be  made  to  combine  by  heat,  light, 
or  electricity,  and  form  a  colourless  gas,  having  all  the 
properties  a£  muriatic  acid.  When  perfectly  dry,  muria- 
tic acid  gas  has  a  series  of  electric  sparks  passed  through 
ity  part  of  it  is  decomposed,  and  chlorine  and  hydrogen 
are  liberated.  This  experiment  cannot,  however,  be 
opnducted  so  ^oxig  as  to  effect  the  decomposition  of  the 
vhole  qf  the  acid,  because,  when  the  proportion  of  the 
Bewly  disengaged  gases  becomes  considerable,  they  are 
^ade  Ugain  to  combine  by  the  electric  spark.  When 
muriatic  acid  and  oxigen  gases  are  passed  through  an 
iBcaadevfcent  tube,  water  and  chlorine  are  the  products. 
All  of  Itbese  experiments,  and  others  of  a  similar  nature, 
prove  that  muriatic  acid  is  composed  of  hydrogen  and 
oUorio^  and  hence  the  name  hyda-o-chloric  add,  propos- 
ed by  tb^  French  chemists,  but  not  adopted  in  this  coun- 
try. It  bfts  been  mentioned,  that  when  equal  volumes 
of  theae  are  exposed  to  light,  they  form  the  acid  gas, 
henoe  the  j^oportions  must  be  as  their  specific  gravities, 
6019(1600, 

and  as  69 :  2500  : :  1.^ :  45, 
so  4hat  il  is  4Somposed  of 

1  atom  of  chlorine,  45.  ' 

I  atom  of  hydrogen,  1.S5 


its  atomic  weight  being  46.25 

A^  equal  volumes  of  hydrogen  and  chlorine  unite  with- 
out condensation,  die  specific  gravity  of  muriatic  acid 
must  be  l^alf  the  sum  of  the  specific  gravities. 

CfiOO  +  69  =  2569  =  1284.5. 
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Muriatic  acid  gas,  when  exposed  to  air,  emits  appa- 
rently watery  vapour,  but  which  is  owing  to  its  com* 
bining  with  the  moisture  of  the  atmosphere. 

It  has  a  very  powerful  affinity  for  water,  which  takes 
up  a  large  quantity  of  it,  producing  instant  condensatioii. 
The  rapidity  of  the  absorption  is  well  illustrated  by  re- 
moving, under  water,  the  stopper  from  a  tall  bottle  <>f 
it.  The  fluid  instantly  rushes  up  as  if  into  a  vacuum, 
and  if,  instead  of  water,  cabbage  infusion  be  employed, 
the  colour  becomes  red.  If  a  few  drops  of  water  be  let 
up  into  a  jar  of  gas  standing  over  mercury,  the  absorp- 
tion is  slower,  but  still  the  whole  of  the  gas  is  condensed, 
provided  it  is  pure.  Hence  the  necessity  of  working 
with  it  in  a  mercurial  trough. 

According  to  Davy,  water  absorbs  480,  and  according 
to  Thomson,  about  418  of  the  gas,  forming  a  transpa- 
rent colourless  solution,  usually  known  by  the  name  of 
liquid  muriatic  acid,  the  specific  gravity  of  which  is 
about  1200  ;  but  this  depends  entirely  on  the  quantity  of 
gas  it  contains.  During  the  absorption,  there  is  an  en- 
largement, ^100  parts  becoming  about  184,  and  heat  is 
disengaged. 

When  a  piece  of  ice  is  admitted  into  the  gas  over  mer- 
cury, it  is  instantly  liquefied,  as  when  thrown  into  boil- 
ing water,  and  the  acid  gas  is  at  the  same  time  absorbed. 

Liquid  muriatic  acid,  as  the  fluid  procured  by  the  con-' 
densation  of  the  gas  by  water  is  commonly  called,  ht^ 
when  pure,  transparent  and  colourless.  It  has  a  pungent 
odour,  similar  to  that  of  the  gas  itself.  When  exposed 
to  air,  it  emits  whitish  fumes,  occasioned  by  the  escape 
of  part  of  the  gas,  which  then  unites  with  the  moisture 
of  the  atmosphere.  Common  muriatic  acid  of  the  shops 
is,  however,  rarely  colourless,  having  in  general  a 
brownish  tinge,  owing  to  the  presence  of  a  little  iron. 
Its  specific  gravity  varies  according  to  the  quantity  of 
gas  it  holds  in  solution.  Tables  of  the  quantity  of  acid 
in  acids  of  different  sp.  gr.  are  given  in  the  Appendix. 

By  applying  a  slight  heat  to  the  common  muriatic 
acid,  the  gas  is  disengaged^  and  the  water  is  left  nearly 
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{Hire,  benoe  a  method  of  procuring  the  gas ;  and  for  this, 
•U  that  is  necessary  is  to  put  a  little  of  it  into  a  retort, 
and  apply  a  slight  heat,  as  that  of  a  spirit  lamp,  by 
which  the  gas  is  disengaged,  and  may  be  collected  over 
fliercury.  It  is  not,  however,  pure;  it  is  loaded  with 
moislure^  but  from  which  it  can  be  freed,  by  exposing  it 
to  substances  having  an  affinity  for  water,  as  muriate  of 
lime. 

The  boiling  point  of  the  liquid  acid  depends,  of 
course,  on  its  strength;  but,  like  other  acids,  there  is 
•  certain  density  at  which  it  continues  always  the  same. 
According  to  Dalton,  acid  of  sp.  gr.  1096,  and  which 
contains  1  atom  acid  +  16  water,  or  20.4  per  cent,  of 
real  acid,  boils  at  S32,  while  that  with  either  more  or 
less  requires  a  much  lower  heat.  The  boiling  point  of 
.the  acid  of  the  shops,  and  which  is  composed  of  an  atom 
of  add  to  6  of  water,  is  about  107. 

When  snow  or  ice,  and  liquid  muriatic  acid,  are  mix- 
ed, there  is  a  great  reduction  of  temperature,  owing  to 
the  sudden  liquefaction  of  the  former.  5  of  snow,  and 
7  of  add,  previously  cooled  to  82,  produce  a  cold  of 

—n. 

Muriatic  acid,  either  gaseous,  or  when  condensed  by 
water,  has  no  action  whatever  with  the  simple  inflamma- 
bles, in  this  respect  diflering  from  the  oxi-acids. 

The  action  between  nitric  and  muriatic  acids  is  impor- 
tant, not  only  from  the  peculiar  nature  of  the  action  it- 
self, but  also  from  the  remarkable  properties  of  the 
compounds  formed.  When  one  of  colourless  nitric  is 
mixed  with  two  of  liquid  muriatic  acid,  they  very  soon 
acquire  a  browmsh  colour,  and  there  is,  at  the  same  time, 
a  disengagement  of  chlorine  and  nitrous  acid.  If  a  slight 
heat  be  applied,  the  action  is  accelerated,  and  the  efier- 
vescence  becomes  violent,  so  that  it  is  necessary  to  keep 
the  flask  under  a  chimney,  to  prevent  the  escape  of  the 
noxious  vapour  into  the  apartment.  The  heat  must  not, 
however,  be  long  continued,  otherwise  the  fluid  again  be- 
comes colourless.  The  substance  thus  prepared  has  been 
long  known  by  the  name  of  Aqua  RegiOj  from  its  power 
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of  dissolving  gold.  It  is  now  commonly  called  nt/ro-tnu- 
riatic  acid.  It  was  at  one  time  supposed  to  contain  ilitric 
and  muriatic  acids,  both  of  which  acted  on  the  gold,  the 
form^  giving  it  oxigen,  and  the  latter  combining  with 
the  oxid  formed.  It  has  been  shewn,  however,  by  Davy, 
that  its  power  of  dissolving  this  metal  is  owing  to  the 
presence  of  chlorine,  derived  from  the  decomposition  of 
part  of  the  muriatic  acid,  the  hydrogen  of  which  unites 
with  oxigen  from  the  nitric  acid,  to  form  water,  setting 
free  chlorine  and  nitrous  acid,  part  of  which  escapes  in 
the  gaseous  form,  part  is  retained  by  the  fluid.  This 
fluid  is  a  powerful  solvent,  not  only  of  gold,  but  of  some 
other  metals,  for  which  purpose  it  is  used  by  cbemitts 
and  metal  refiners.     (See  Gold  and  Platinum.) 

Muriatic  acid  has  been  detected  in  very  minute  qnao- 
tity  in  the  atmosphere,  particularly  near  the  sea,  and 
in  volcanic  countries.  It  is  a  very  abundant  prtnlactioii 
in  a  state  of  combination,  particularly  in  sea  salt,  and 
some  earthy  and  metallic  compounds. 

It  may  be  procured,  as  already  stated,  by  the  direct 
union  of  its  ingredients,  but  it  is  never  prepared  in  thk 
way  for  use.  It  is  always  obtained  by  the  addition  of 
sulphuric  acid  to  sea  salt,  which  contains  it  in  combin»- 
tion  with  soda.     (See  Muriate  of  Soda.) 

It  has  been  recommended  to  employ  the  gaseous  add, 
for  purifying  crowded  or  ilUventilated  apartments,  but 
it  is  too  irritating  to  the  lungs  to  admit  of  its  being  used 
for  this  purpose.  It  may,  however,  be  employed  after 
the  apartments  are  empty,  (See  Muriate  of  Soda.)  The 
liquid  acid  is  used  in  medicine  as  a  gargle,  when  large^i 
ly  diluted.  It  is  employed  also  in  Pharmacy.  It  is  very 
efficacious  in  removing  iron  stains  from  cloth ;  for  which 
purpose  the  cloth  is  to  be  wetted  with  it,  very  much  di* 
luted,  and  almost  immediately  washed.  Should  the 
first  application  not  succeed,  it  must  be  repeated,  al- 
ways taking  care  to  wash  the  cloth  well,  lest  the  add 
injure  its  texture. 

Though  muriatic  acid  has  been  treated  of  as  being 
composed  of  chlorine  and  hydrogen,  an  opposite  opi* 
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nioDy  with  mpeot  to  its  compositioD,  is  still  maintained 
by  lome.  Tfaey  suppose  that  it  is  composed  of  oxigen 
and  an  unknown  base,  to  which  the  name  of  ^murion  has 
been  given,  and  that  this  base,  by  uniting  with  an  addi- 
tioDal  proportion  of  oxigen,  forms  chlorine,  or  rather,  ac- 
cording to  these  chemists,  OA^muria^tc  octd.  If  this  is 
really  the  constitution  of  these  bodies,  we  can  easily  ac- 
eotint  for  the  chemical  changes  that  take  place,  both  with 
mutiatic  and  oxi-muriatic  acid.  When  hydrogen  is  mix- 
ed with  the  latter,  it  deprives  it  of  its  excess  of  oxigen  to 
farm  water,  which  enters  into  union  with  the  muriatic 
add  set  free  by  the  other  being  deprived  of  oxigen,  so 
that^  according  to  this  doctrine,  muriatic  acid  gas  contains 
wmter  as  one  of  its  ingredients.  Again,  when  muriatic 
acid  and  oxigen  gases  are  forced  through  incandescent 
tttbea,  water  and  oxi-muriatic  acid  are  the  products, 
the  osigen,  according  to  the  supporters  of  the  old  doc- 
trine, uniting  with  the  muriatic  acid,  and  liberating  the 


Tliongh  the  actions  can  thus  so  far  be  satisfactorily 
aeeounted  for  by  both  doctrines,  yet  there  are  some  facts 
diat  seem  more  in  accordance  with  that  which  supposes 
ddeiine  to  be  a  simple  body  ;  besides,  analogy  is  strong- 
ly in  favour  of  this  opinion ;  and  by  considering  chlorine 
as  a  simple  substance,  we  can  adopt  an  arrangement  in 
which  the  different  facts  of  chemistry  can  be  more  clearly 
brought  to  view,  than  by  supposing  it  to  be  compound. 


Htdriodic  Acid. 

When  iodine  is  heated  in  hydrogen  gas,  they  gradu- 
ally enter  into  union,  and  form  a  gaseous  compound  call- 
ed hjrdriodic  acid.  Though  it  can  thus  be  prepared  by 
the  direct  union  of  its  ingredients,  other  methods  are  pre- 
ferred. That  generally  followed,  is  to  put  a  mixture  of  1 
part  of  phosphorus  and  4  of  iodine,  moistened,  into  a  re- 
tort, (see  CtUy  p.  815.  J  and  apply  heat,  by  which  there  is 
a  decomposition  of  the  water,  the  oxigen  uniting  ¥dth  the 


Sd6  HYDR-ACIDS. 

phosphorus  to  form  phosphoric,  and  the  hydrogen 
with  the  iodine,  to  generate  hydriodic  acid ;.  as  il 
acts  on  water  and  mercury,  being  absorbed  by  the.  one^ 
and  decomposed  by  the  other,  it  is  most  easily  collected 
by  the  displacement  of  the  air,  and  as  it  is  heavier  than 
it,  the  mouth  of  the  receiver  must  be  kept  up. 

This  acid  gas  was  discovered  by  Clement  and  Dea- 
ormes,  and  has  been  examined  by  Dr  Davy,  and  by  Gay 
Lussac.  It  is  transparent  and  colourless,  having,  an 
odour  similar  to  that  of  muriatic  acid.  Its  sp.  gr.,  ac- 
cording to  Gay  Lussac,  is  4443,  100  inches  weighing  1S8 
gr.  It  is  easily  decomposed  by  oxigen,  which,  when 
heated  with  it,  deprives  it  of  its  hydrogen.  The  same 
is  the  case  with  chlorine,  which  unites  with  the  hydrogen 
to  form  muriatic  acid,  and  sets  free  iodine. 

The  proportions  of  its  ingredients  are  known  by  ei;po»- 
ing  it  to  the  action  of  almost  any  metal,  particuliurly  mer- 
cury, which  will  combine  with  its  iodine,  and  set  the  hydro- 
gen at  liberty.  When  this  is  done,  the  disengaged  {lydio* 
gen  occupies  just  half  the  volume  of  the  gas  itself,  so  that 
it  contains  half  its  volume  of  hydrogen  gas,  consequently, 
if  we  deduct  half  the  specific  gravity  of  hydrogen  iroin 
that  of  hydriodic  acid,  we  have  the  quantity  of  iodine 
with  which  the  hydrogen  was  united  :— 

69 

Y  =  S4.5,  and  4443  —  34.5  =  4408.5 

again,  as  34.5 :  4408.5 : :  1.S5  :  160, 
so  nearly  155,  the  atomic  weight  of  iodine,  that  we  may 
consider  it  composed  of 

1  atom  of  iodine,  -        155. 

1  atom  of  hydrogen,        -  1.25 


and  its  atomic  weight,        -  156.S5 

The  reason  for  the  experimental  result  not  agreeing 

with  the  atomic  calculation,  is  the  difficulty  of  procuring 

the  hydriodic  acid  gas  pure,  so  as   to   ascertain  with 

precision  its  specific  gravity. 

Gases  always  unite  in  the  simple  ratio  of  vohim^  to 

vblume,  or  the  one  is  a  multiple  of  the  other.     If^  th^^ 
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mppoae  hydriodic  acid  to  be  composed  of  a  volume  of 
iodine  vflponr,  and  of  hydrogen  gas,  united  without  con- 
densatioiiy  the  specific  gravity  must  be  the  mean  of  these : 

f^±^^^  4340,  and  4340  —  84.5  =  4806.6 

and  84.6 :  4806.6 : :  1.S6  ;  166. 
by  which  it  is  made  to  consist  of  an  atom  of  each  of  its 
compoiiait  parts. 

Hydriodic  acid  gas  is  easily  absorbed  by  water.  The 
solution,  when  saturated,  is  of  specific  gravity  1700,  and 
boils  at  S6S^  When  exposed  to  the  air,  it  acquires  a 
dark  colour,  from  the  deposition  and  subsequent  solution 
of  iodine,  the  oxigen  uniting  with  the  hydrogen,  and  set- 
ting the  iodine  free,  which  is  immediately  dissolved  by  the 
undecomposed  add.  When  chlorine  is  passed  through 
Ity  muriatic  acid  is  generated,  and  iodine  deposited. 

Though  liquid  hydriodic  acid  can  be  procured  by  the 
aaturation  of  water  with  the  gas,  it  is  seldom  prepared  in 
this  way.  .  It  is  usually  procured  by  passing  a  stream  of 
mlphurettcd  hydrogen  through  water,  holding  iodine  sus- 
pended in  it,  by  which  the  sulphur  is  deposited,  and  the 
iodine  and  hydrogen  unite  to  form  the  acid,  which  is 
taken  up  by  the  water.  By  boiling,  the  excess  of  water  is 
driven  ofiT,  and  the  acid  obtained  concentrated,  which  is 
known  as  soon  as  the  boiling  point  becomes  S62^. 

Sklenurettxd  Hydboge)^,  6u  Hydbo-Selenic  Acid. 

Selemium,  it  has  been  already  mentioned,  unites  with 
other  bodies,  and  forms  compounds  called  selenurets, 
some  of  which  when  thrown  into  water  decompose  it,  the 
hydrogen  uniting  with  the  selenium,  and  the  oxigen  with 
the  other  body.  When,  to  any  of  these  compounds,  mu- 
riatic acid  is  added,  it  unites  with  the  oxid,  and  the 
eompound  of  selenium  and  hydrogen  is  disengaged  in  the 
form  of  gas.  It  is  called  selenuretied  hydrogen^  or,  as  it 
is  an  acid;  hydra-^elenic  acid. 

It  is  absorbable  by  water,  forming  a  transparent  oo- 
loorleM  solution,  which  reddens  litmus^  but  which,  when 

VOL.  I.  Y 
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kept  for  lome  time,  becomes  muddy  from  the  depositioQ 
of  lelenium.  The  gas  itself  produces  remarkable  effects 
on  the  organs  of  respiration  ;  when  the  smallest  bubble  of 
it  is  admitted  into  the  nostrils,  it  excites  pain,  and  de- 
stroys for  some  hours  the  sense  of  smell,  followed  by 
catarrh,  deep  pain  of  the  chest,  and  expectoration  of 
mucus,  which  continues  for  several  days. 

From  the  experiments  of  Berzelius,  it  is  composed  of 

97.4  selenium. 
2.6  hydrogen. 
From  which  Thomson  considers  it  composed  of 
1  atom  of  selenium,        50 
1    do.       hydrogen,  1.S5 

and  its  atomic  weight  will  be  51.25 

Fluoric  Acid. 

When  sulphuric  acid  is  added  to  the  mineral  called 
Derbyshire  spar,  a  gaseous  substance  is  given  off,  which 
so  early  as  1670  was  observed  to  corrode  glass.  It  was 
examined  by  Margraaf,  who  gave  an  account  of  it  in 
1768.  Scheele  also  described  its  properties,  and  consi- 
dered it  a  peculiar  acid,  being  in  the  spar  in  union  with 
lime.  It  was,  however,  afterwards  shown  by  Wegleb, 
Bucholz,  and  Mayer,  that  the  gas  thus  procured  is  not 
the  acid  in  a  state  of  purity,  for  when  prepared  in  glass 
apparatus,  it  always  contains  a  quantity  of  siliceous  mat- 
ter, derived  from  its  action  on  the  glass.  Gay  Lussac 
and  Thenard-  first  pointed  out  a  method  of  obtaining  it 
pure,  and  to  them  we  are  indebted  for  the  account  ot  its 
properties,  (Recherches  Ph.  Chim.)  Sir  H.  Davy  and 
Dr  Davy  have  also  examined  it,  (Ph.  Tr.  1812—18.) 

Instead  of  carrying  on  the  decomposition  of  the  spar  in 
glass  vessels,  the  French  chemists  have  recommended 
those  of  lead  or  silver,  the  vapour,  as  it  comes  off  from 
the  mixture  of  acid  and  spar,  being  also  collected  in 
ceivers  of  the  same  materials.     (See  Lime.) 

Fluoric  addt  as  procured  in  this  way,  is  a  colourl 


FLUO&IC  ACID.  889 

fluid  liko  water,  the  sp.  gr.  of  which,  when  concentrated, 
11 1060.  It  has  a  strong  affinity  for  water,  and  during  its 
uuion  gives  out  so  much  heat,  as  actually  to  cause  the 
mixture  to  boil,  end  what  is  very  remarkable,  the  speci- 
fic gravity  becomes  increased,  being,  when  containing  a 
eertain  quantity,  1850.  When  the  strong  acid  is  dropt 
into  water,  it  emits  a  hissing  noise  similar  to  that  pro- 
duced by  the  immersion  of  a  redJiot  iron. 

It  has  been  exposed  to  a  cold  of  ^^^  without  freezing. 
The  boiling  point  has  not  yet  been  ascertained.  When 
exposed  to  the  air,  it  emits  white  fumes,  having  an  odour 
similar  to  that  of  muriatic  acid ;  and  at  the  same  time  it 
quickly  disappears,  the  vi^ur  arising  from  it  being  very 
deleterious ;  so  that  great  caution  is  necessary  when  ex* 
perijnenting  with  it. 

It  has  a  powerful  effect  on  the  animal  fibre.  When  it 
touches  the  skin,  it  excites  severe  pain  followed  by  in« 
flammation  and  suppuration,  leaving  a  sore  very  difficult 
to  heal,  and  accompanied  with  general  irritation;  and 
hence  the  necessity  of  caution  when  operating  on  it. 

The  most  remarkable  property  of  fluoric  acid,  is  its 
power  of  corroding  glass,  and  of  combining  with  its  si«> 
lieeous  matter,  (see  Silica.)  From  this  property,  it 
is  evident  that  we  cannot  keep  it  in  vessels  of  this ;  rae» 
tdlie  ones,  as  those  of  lead  or  silver  must  be  employed. 

Till  very  lately  fluoric  acid  was  supposed  to  be  a 
CQMpound  containing  oxigen.  Ampere,  however,  first 
threw  out  die  conjecture,  (An.  de  Chim.  et  de  Phys.  iL) 
that  it  might  be  a  compound  of  hydrogen,  and  a  base  si- 
■ilar  to  chlorine  and  iodine,  an  opinion  soon  after  adopt- 
ed by  Davy,  and  now  maintained  by  almost  all  chemists. 
Wheo  describing  the  properties  of  Fluorine,  it  was  then 
meatioDed,  that  all  attempts  to  procure  it  in  its  separate 
state  have  failed.  We  must,  therefore,  consider  the 
views  with  respect  to  the-  composition  of  fluoric  acid  as 
oat  yet  decided.  Should  they  hereafter  prove  correct, 
the  name  ci  hjfdro^btoric  acid  must  be  given  it,  shewing 
that  it  belongs  to  die  class  of  hffdit'4^cide. 

Fluoric  acid  has  beta  discovered  in  the  Saxon  and  Bra* 

y2 
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iilian  topaz,  and  in  a  few  other  minerals.  Morrichini 
found  it  also  in  the  enamel  of  the  teeth  of  an  elephant^ 
and  Gay  Lussac  in  ivory ;  and  Berzelius  states  that  he 
has  detected  it,  not  only  in  the  enamel,  but  also  in  the 
body  of  the  teeth. 

Fluoric  acid,  from  its  power  of  corroding  glass,  is  em- 
ployed for  etching  on  it.  For  this  purpose  the  glass  is 
covered  with  a. thin  coating  of  wax,  and  that  part  to  be 
corroded  is  exposed,  by  removing  the  coating  by  a  sharp 
instrument.  The  fluor  spar,  reduced  to  powder,  is  put  into 
a  metallic  vessel,  and  an  equal  quantity  of  sulphuric  acid 
poured  on  it,  by  which  the  acid  is  set  free ;  the  glass  is 
then  put  on,  as  a  sort  of  cover,  and  secured  by  luting, 
leaving  a  small  aperture  for  the  escape  of  the  super- 
fluous acid.  After  being  on  for  some  time,  that  part 
uncovered  by  the  luting  is  found  to  be  corroded  ;  if  not 
sufiidently  so,  the  process  must  be  repeated. 

Fluo-Boracic  Acid. 

When  sulphuric  add  is  poured  on  a  mixture  of  Derby 
spar  and  boracic  acid,  a  gaseous  fluid  is  given  ofi^  which 
was  discovered  by  Gay  Lussac  in  1808,  and  afterwards 
examined  by  Dr  Davy  and  Sir  H.  Davy,  the  latter  of 
whom  has  concluded  from  his  experiments  that  it  is  a 
compound  of  fluorine  and  boron,  the  former  derived  from 
the  acid  of  the  spar,  the  latter  from  the  boradc  acid,  the 
hydrogen  of  the  one  and  the  oxigen  of  the  other  having 
united  to  form  water.  According  to  others,  it  is  com* 
posed  of  fluoric  and  boracic  acid  in  union,  in  atomic 
proportions,  there  bdng,  as  stated  by  Thomson,  (First 
Prin.)  an  atom  of  each. 

It  is  prepared  by  putting  into  a  retort  a  mixture  of 
1  of  finely  powdered  fused  borax,  and  2  of  Derby  spar, 
pouring  on  12  of  vitriol,  and  applying  heat,  by  which  the 
gas  is  disengaged,  and  may  be  collected  over  mercury. 

"  Fluo-boracic  acid  gas  is  transparent  and  colourless, 
having  an  odour  similar  to  that  of  muriatic  acid ;  its  spw 
gr.  S370.  When  exposed  to  air,  it  emits  white  fumes. 
Water  absorbs  it  quickly,  taking  up  about  700  volumes. 
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«iid  forming  a  transparent  colourless  fluid  of  sp.  gr.  1770, 
which  has  a  sour  taste,  and  reddens  yegetable  blues. 
When  exposed  to  heat,  part  only  of  the  gas  flies  ofT. 

Htdbo-Ctanic  Acid. 

• 

Ctanooen  enters  into  union  with  hydrogen,  and  forms 
an  acid,  formerly  called  Frussic,  now  hydro-cycmicy  which 
was  first  procured  in  a  state  of  purity  by  Gay  Lussac,  to 
.whom  we  are  indebted  for  the  fullest  account  of  its  pro- 
perties, (An.  de  Chim.  Ixxxiii — xcv.)  It  cannot  be 
procured  by  the  direct  union  of  its  ingredients,  so  that, 
in  preparing  it,  we  are  obliged  to  have  recourse  to  decom- 
position*  It  has  been  already  stated,  (p.  S81.)  that  cyano- 
gen, like  sulphur  and  chlorine,  unites  with  metals,  and 
forma  compounds  called  cyanurets,  and  which,  like  sul« 
phurets  and  chlorurets,  are  decomposed  by  water,  the 
oxigen  uniting  with  the  metal,  and  the  hydrogen  with 
the  cyanogen.  In  this  way,  then,  compounds  of  oxids  of 
the  metals  with  hydro-cyanic  acid  are  formed,  and  from 
which  the  latter  may  be  procured  by  the  addition  of  an- 
other, as  muriatic.  The  cyanuret  usually  employed  for 
tlna  purpose  is  that  of  mercury,  which  is  procured  by 
the  decomposition  of  another  compound,  containing  cy- 
anogen, not  yet  described,  and  in  which  the  chemical  ac- 
tion is  very  complicated.     (See  Iron.) 

Hydro-cyanic  acid,  when  pure,  is  a  transparent  colour- 
less gas,  unfit  f(Hr  the  support  of  combustion  and  respira- 
tion. It  is  easily  absorbed  by  water,  in  which  state  it 
li  usually  procured.  It  thus  forms  a  colourless  fluid  of 
sp.  gr.  7058  at  45,  having  an  odour  resembling  that  of 
peach-blossom.  Its  taste  is  at  first  cooling,  but  it  soon 
impresses  the  tongue  with  a  burning  sensation.  It  is  one 
of  the  most  virulent  poisons  with  which  we  are  acquaint- 
ed. It  passes  into  vapour  at  the  temperature  of  80,  and, 
what  is  very  remarkable,  congeals  at  5,  hence,  when  a 
little  of  it  is  exposed  to  the  atmosphere,  it  is  almost  in* 
stantly  firozen^  the  cold  produced  by  the  evaporation 
being  sufficient  to  reduce  the  temperature  of  what  is  left 
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not  at  all  improbable,  as  it  is  well  known  that  cyanogea 
has  a  tendency  to  unite  with  other  bodies,  and  form  comr* 
pound  acidifiable  substances,  of  which  we  have  a  good  in- 
stance in  the  case  of  iron,  with  which  cyanogen  forms  a 
base  called Jerro-cyanuret.  Sulphur  and  cyanogen  thus 
uniting  will  form  suJpha-^anuretj  and  its  compound  with 
hydrogen,  if  the  views  of  Berzelius  are  correct^  must 
be  called  hydro-^vJpho-cyanic  acid, 

Chlobo-Ctai^ic  Acid. 

When  chlorine  gas  is  passed  through  liquid  hydro- 
cyanic acid,  there  is  also  decomposition,  and  another  add 
is  formed,  which  was  discovered  by  Gay  Lussac,  and 
called  by  him  chloro^anic  acid. 

It  may  be  prepared  by  passing  a  stream  of  the  gas 
through  the  liquid,  till  there  is  an  excess  of  chlorine,  which 
is  known  by  its  destroying  colour.  The  solution  is  then 
agitated  with  mercury  to  remove  the  superfluous  chlo- 
rine, and  by  the  application  of  heat  to  it  in  a  retort,  a 
gaseous  substance  is  given  off,  which  is  the  acid,  but  sup- 
posed to  be  mixed  with  carbonic  acid*  Gay  Lussac  ob- 
tained it  concentrated  in  the  liquid  state,  by  putting  it 
into  a  tall  glass  with  mercury,  which  he  inverted  on  a 
cup  of  the  same  fluid.  The  whole  was  put  under  the  re» 
ceiver  of  a  pump,  and  the  air  withdrawn,  by  which  the 
mercury  and  hydro-cyanic  acid  escaped  from  the  glass, 
but  left  it  full  of  acid  vapour.  On  the  introduction  of 
the  air,  the  vapour  was  condensed,  the  mercury  at  the 
same  time  rising,  and  bearing  the  fluid  acid  above  it 

As  thus  obtained,  it  is  a  transparent  colourless  liquid, 
having  a  very  pungent  odour  and  acid  taste.  Its  vapour 
is  also  transparent  and  colourless,  being  extremely  irri- 
tating  to  the  eyes.  When  mixed  with  oxigen  and  hy-. 
drogen,  it  explodes  by  electricity.  According  to  the  ana- 
lysis of  Gay  Lussac,  it  is  composed  of 

2  vol.  carbon, 

1  vol.  nitrogen, 

1  vol.  chlorine, 
that  is,  of  1  vol.  cyanogen, 

1  vol.  chlorine. 
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Hydro-Xanthic  Acid. 

It  has  been  already  mentioned,  (p.  281.)  that  when 
bi-sulphuret  of  carbon  is  treated  with  alcoholic  solution 
of  potaflsa,  the  alkali  becomes  neutralized  with  a  peculiar 
acid,  containing  hydrogen  carbon  and  sulphur,  the  two 
last  forming  a  compound  radical,  called  xanthogen. 
When  to  the  solution  concentrated  by  evaporation,  mu- 
riatic or  sulphuric  acid  is  added,  an  oily-looking  fluid  is 
separated,  which  is  the  acid  previously  in  union  with  the 
potassa,  the  other  acid,  owing  to  its  more  powerful  afii- 
nitjy  having  disengaged  it  from  its  state  of  combination. 

Hydra-xanthic  acid,  according  to  Zeisse,  (An.  of  Phil. 
N.  S.  iv.)  is  a  transparent,  colourless,  oily-looking  fluid, 
of  greater  specific  gravity  than  water,  having  an  acid 
taste,  and  a  strong  peculiar  odour.  When  heated  to 
about  SIS,  sulphuret  of  carbon  is  deposited,  and  an  in- 
flammable gas  is  disengaged.  When  heated  in  air,  it 
bums  and  emits  the  odour  of  sulphurous  acid.  When 
mixed  with  iodine,  it  is  decomposed,  sulphuret  of  carbon 
is  deposited,  and  the  fluid  has  the  properties  of  hydri- 
odic  acid.  It  is  from  this  and  other  experiments  that 
Zeisse  has  concluded,  that  the  acid  contains  hydrogen  in 
unioii  with  a  sulphuret  of  carbon,  which  acts  the  part  of 
abase. 


SECTION  VI. 


ALRALIFIABLE  BODIES. 


T^HE  alkalifiable  bodies,  or  those  forming  salifiable  bam^ 
may,  like  acidifiable  substances,  be  divided  into  two 
great  classes. 

Those  forming  bases  with  oxigen. 

Those  forming  bases  with  hydrogen. 

To  the  latter  belongs  nUrogeUy  the  properties  of  which 
have  been  already  so  far  described  as  included  in  the 
class  of  acidifiable  bodies  ;  but  it  combines  also  with  hy- 
drogen, and  generates  the  alkali  ammonia.  To  the  lat- 
ter belong  those  substances  long  called  Metals,  and  to 
which  have  lately  been  added  the  newly  discovered  bases 
of  the  alkalies  and  earths.  They  have  properties  in  com- 
mon, and  by  which  they  are  distinguished  from  other 
substances  ;  so  that,  before  proceeding  to  treat  of  them 
individually,  a  great  deal  of  unnecessary  repetition  will 
be  avoided,  by  giving  an  account  of  them  in  general. 

The  metals,  with  the  exception  of  the  bases  of  the  al- 
kalies and  earths,  are  of  great  specific  gravity,  the  light- 
est being  about  6  times,  and  the  heaviest  at  least  SI 
times  the  weight  of  water. 

They  are  possessed  of  considerable  tenacity,  by  which 
they  are  malleable  and  ductile.     By  ductility  is  meant 
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that  property  by  which  they  can  be  drawn  out  to  wire. 
Wires  are  formed  by  drawing  a  rod  of  metal  through 
oonical  holes  m  a  metallic  plate,  each  hole  being  smaller 
than  the  preceding  one.  By  malleability  i&  understood 
that  quality  by  which  they  may  be  beat  by  a  hammer, 
or  extended  by  rollers  into  thin  leaves. 

The  metals  vary  much  in  ductility  and  malleability ; 
sane  scarcely  possessing  them,  except  at  a  certain  temper 
rature,  while  others  have  them  in  a  remarkable  degree. 
Tbas,  a  grain  of  gold  can  be  beat  out,  so  as  to  cover 
56  square  inches,  and  an  ounce,  it  is  said,  may  be 
drawn  on  silver  wire,  to  the  length  of  about  1300  miles. 
During  these  processes,  they  become  brittle  and  liable  to 
break ;  but  which  is  prevented  by  heating  them  to  red- 
aeM,  and  allowing  them  to  cool  slowly,  as  by  surrounds 
lag  them  by  ashes,  or  by  a  bad  conductor,  by  which  they 
prepared  for  undergoing  the  same  process  as  before. 
is  called  anneaUng. 

Metals  are  in  general  elastic.  In  hardness  they  are 
inferior  to  many  of  the  earthy  bodies,  but  some  of  them 
haTe  it  to  a  oonsiderable  degree. 

With  reqpect  to  Caloric  they  are  good  conductors,  and 
they  expand  more  than  other  solids,  their  expansion  be* 
ing  also  much  more  equable.  According  to  Dulong  and 
Pdity  that  of  mercury  from  32  to  21 S  is  uniform,  keep- 
ing pace  with  the  addition  of  heat ;  but  at  degrees  above 
or  below  this,  it  is  by  no  means  as  the  increase  of  tem- 
petatnre. 

By  the  application  of  heat  they  may  be  fused,  but  the 
ilidtiag  point  is  various.  Mercury  continues  fluid  at 
•—40.  Tin  melts  at  442 ;  while  platinum  requires  for 
its  fusion  the  most  intense  heat  we  can  procure.  Those 
which  are  liquefied  at  comparatively  low  temperatures,  may 
be  Tolatilieed  and  condensed,  unchanged  in  their  proper* 
ties^  in  the  cool  part  of  the  apparatus,  provided  the  air 
is  excluded,  as  as  the  case  with  potassium,  sodium,  mer- 
cury, zinc,  and  some  others. 

When  they  have  been  fused,  and  allowed  to  congeal 
slowly,  they  assume  a  crystalline  form,  the  crystals  in 
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general  being  four-sided  pyramids,  either  single  or 
double,  but  they  are  occasionally  also  prismatic  or  cubi- 
cal. During  their  passage  from  fluid  to  solid,  many 'of 
them  expand,  and  hence  it  is  that  they  take  so  fine  an 
impression  when  cast  into  moulds. 

Metals  are  conductors  of  electricity,  and  they  possess 
also,  in  a  remarkable  degree,  when  acted  on  by  other 
substances,  the  power  of  generating,  and  conveying 
when  generated,  galvanic  electricity. 

They  have  attractions  for  almost  all  other  substances, 
particularly  those,  the  properties  of  which  have  been  al- 
ready described. 

When  heated  in  air,  they  in  general  lose  their  splen- 
dour and  malleability,  become  friable  and  heavier,  and 
resemble  in  appearance  an  earthy  substance.  This  pro- 
cess, formerly  called  calcination,  is  now  termed  oxidation^ 
because  it  is  known  to  be  occasioned  by  the  union  of  the 
metal  with  the  oxigen  of  the  air,  and  the  product  is  call- 
ed a  calx  or  oxid.  The  temperature  at  which  it  occurs, 
varies  in  almost  every  different  instance.  In  some  it 
goes  on  slowly,  in  others  with  great  rapidity.  In  some 
it  is  accompanied  with  a  slight  glow,  but  in  others  it  puts 
on  the  appearance  of  combustion,  of  which  we  have  a 
good  example  in  zinc.  To  oxidate  it,  we  have  merely  to 
put  it  into  a  ladle,  and  place  it  on  a  fire.  It  at  first 
melts,  but  on  continuing  the  heat,  and  stirring  the  melt- 
ed metal,  it  begins  to  bum  with  a  feeble  flame ;  but 
when  the  heat  becomes  more  intense,  the  combustion  is 
very  brilliant,  and  a  white  flaky  matter  is  wafted  up, 
while  an  earthy-looking  substance  remains  in  the  vessel. 
These  are  the  products  of  the  action,  a  compound  of  zinc 
and  oxigen.  It  is  evident,  that  since  this  process  de- 
pends on  a  union  of  the  metal  with  oxigen,  it  must  be- 
come heavier,  while  at  the  same  time  the  air  must  be  di- 
minished ;  and  that  this  is  actually  the  case,  has  been  sa- 
tisfactorily proved.  If  a  piece  of  copper,  after  being 
weighed,  be  kept  in  a  fire  for  some  time,  and  again 
weighed,  it  will  be  found  considerably  heavier ;  but,  for 
the  success  of  this  experiment,  it  is  necessary,  on  remov« 
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ing  it  from  the  fire,  to  put  it  on  a  plate,  and  cover  it 
with  a  shade  till  it  cools,  because  scales  of  the  oxid  fly  off< 

When  a  metal  is  heated  in  oxigen  gas,  the  combustion 
becomes  very  brilliant,  and  it  can  be  shewn,  at  the  same 
time,  that  the  gas  is  consumed.  For  this  purpose,  into 
a  jar  of  the  gas,  (Cut^p.  US.)  open  at  both  ends,  and 
standing  on  a  plate  of  water,  introduce  a  coil  of  very  fine 
iron  wire,  the  end  of  which  being  tipt  with  sulphur,  is 
previously  kindled.  It  instantly  becomes  red  hot,  and 
is  graduidly  consumed,  emitting  a  bright  white  light ; 
at  the  same  time,  if  the  cork  to  which  it  is  fixed  is  tight, 
the  water  will  rise,  and  fill  the  jar.  Globules  of  a  black 
substance  are  found  in  the  plate,  which  are  the  iron  in 
union  with  oxigen ;  and  that  they  are  so,  is  proved  by 
heating  them  in  a  retort  along  with  charcoal,  by  which 
carbonic  acid  gas  is  given  ofi'',  and  metallic  iron  is  left. 

The  metals  combine  with  different  proportions  of  oxi- 
gen,  and  even  the  same  metal  is  susceptible  of  difierent 
degrees  of  oxidation.  Of  course,  like  other  compounds, 
the  ingredients  are  determined  by  atomic  proportions. 

As  the  metals  unite  with  different  proportions  of  oxi- 
gen, it  is  necessary  to  characterise  them  by  particular 
names.  This  is  occasionally  done  by  prefixing  the  co- 
lour, or  some  of  their  qualities,  as  black  and  red  oxid 
of  iron  ;  but  the  method  now  in  general  use,  is  that  ap- 
plied to  the  other  oxids  which  have  been  already  de- 
scribed :  As  protoand,  that  with  the  first ;  deutoandy  with 
the  second ;  tritoxidy  with  the  third  ;  peroxid,  with  the 
largest  proportion  of  oxigen. 

The  oxids  difier  much  in  their  appearance.  They 
have  not  the  lustre,  tenacity,  nor  specific  gravity  of  the 
metal ;  indeed,  they  in  general  resemble  an  earthy  sub- 
stance. They  are  not  inflammable,  and  they  are  less  fu- 
sible than  the  metal  they  contain. 

When  a  metal  has  been  oxidated,  it  may  be  restored 
to  its  metallic  state,  in  some  cases  by  the  mere  applica- 
tion of  heat,  in  others  by  heating  them  with  coal  or  char- 
coal, which,  as  has  been  mentioned  with  respect  to  that 
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of  iron,  deprives  them  of  their  oxigen,  to  form  carbonic 
acid,  that  is  given  off  in  gas.  This  is  called  redrndiomy 
and  the  matter  subjected  to  the  process  is  said  to  be  re- 
duced,  or  revived. 

The  action  of  metals  with  water  is  very  different 
Some  of  them,  as  the  lately  discovered  bases  of  the  alka- 
lies and  earths,  deprive  it  of  its  oxigen  the  moment  they 
come  in  contact,  at  the  same  time  liberating  the  hydro- 
gen. Others,  as  iron,  require  a  high  temperature  for 
effecting  the  decomposition,  while  some,  even  though 
brought  to  a  red  heat,  have  no  effect  on  it ;  the  affinity 
between  the  oxigen  and  hydrogen  being  more  powerful 
than  that  between  the  oxigen  and  metal. 

The  metals  enter  into  union  with  some  of  the  acidifi- 
able  bodies,  and  form  substances  possessed  of  peculiar 
properties. 

Compounds  of  metals  and  carbon  may  be  formed  mere- 
ly by  heating  them  together,  as  when  iron  is  heated,  im- 
bedded in  charcoal  powder.  The  products  are  called 
carbureiif  and  do  not  differ  much  in  their  properties  from 
the  metals  themselves. 

Phosphorus  also  unites  with  metals.  The  compounds 
called  pliosphurets  may  be  prepared  either  by  heating  the 
phosphorus  and  metal  together,  excluded  from  air ;  or^ 
which  is  better,  by  heating  the  metal  with  phosphoric 
acid  and  charcoal,  by  which  the  carbon  deprives  the  acid 
of  its  oxigen,  and  the  disengaged  phosphorus  unites  with 
the  metal,  and  forms  a  phosphuret.  Phosphurets  9xe 
usually  soft,  more  fusible  than  the  metals  of  whicli  they 
are  composed,  and  are  in  general  decomposed  by  a  strong 
heat. 

The  action  of  many  of  the  phosphurets  with  water,  is 
important.  When  brought  into  contact,  there  is  a 
double  decomposition,  the  oxigen  combining  with  the 
base,  and  the  hydrogen  with  the  phosphorus ;  so  that 
oxid  of  the  metal  and  phosphuretted  hydrogen  are  the 
products.  This  action  takes  place  only  with  those  phos- 
phurets which  contain  metals  having  a  powerful  afBtiity 
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Ibr  oxigBOf  MS  the  bases  of  the  alkalies  and  earths.     The 
plKM|diuTet8  of  other  metals  are  not  affected  by  water. 

Sulphur  unites  readily  with  metals,  and  forms  impor- 
tant compounds.  The  union  is  effected  by  heating  them 
together,  excluded  from  air.  Thus,  if  S  by  weight  of 
iron  filings  be  heated  in  a  flask  with  1  of  flowers  of  sul- 
phur, when  the  latter  is  liquefied  it  begins  to  unite  with 
the  former.  During  the  union  there  is  at  first  a  beau- 
tiful glow  over  the  mixture,  but  at  last  the  whole  be- 
comes incandescent,  and  continues  so  for  some  time. 
The  compound  formed  is  a  mlphurei^  known  also  in 
commerce  by  the  name  of  pyrites. 

The  sulphurets  retain  some  of  the  metallic  properties. 
They  have,  in  general,  considerable  lustre,  but  they  are  not 
nudleable  or  ductile,  and  they  are  usually  more  fusible  than 
the  metal  they  contain.  Many  of  them  are  decomposed  by 
a  atrong  heat,  the  sulphur  being  expelled,  and  leaving  the 
metal  pure.  They  are  all  decomposed  when  heated  in 
air,  the  sulphur  being  inflamed,  and  passing  off  in  the 
stete  of  sulphurous  acid,  while  the  metal  is  itself  con. 
verted  into  an  oxid.  Many  of  them  are  decomposed 
also  by  water,  and  the  action  here  is  important.  When, 
for  instance,  the  compounds  of  sulphur  and  some  of  the 
bases  of  the  alkalies  or  earths  are  thrown  into  water,  the 
hydrogen  unites  with  the  sulphur,  to  form  sulphuretted 
hydrc^en,  and  the  oxigen  with  the  metal,  to  generate  an 
oxid,  which  having  an  attraction  for  each  other,  enter 
into  union,  and  a  salt  is  the  product. 

Those  sulphurets  which  are  not  acted  on  by  water, 
are,  in  general,  decomposed  by  it  provided  an  acid  is 
present,  as  when  sulphuret  of  iron  and  diluted  sulphuric 
acid  are  mixed.  The  action  on  the  sulphuret  and  water 
is  the  same  as  already  mentioned,  but  instead  of  the  sul- 
pfauretted  hydrogen  uniting  with  the  oxid,  it  is  drivdn 
oS  in  the  form  of  gas,  being  prevented  from  entering 
into  union  with  it,  from  the  more  powerful  affinity  of  the 
other  acid. 

Some  of  the  metallic  sulphurets,  when  exposed  to  mois* 
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ture  and  air,  are  ultimately  converted  to  mJphaieSf  or 
compounds  of  the  oxid  and  sulphuric  acid,  the  water  be> 
ing  first  decomposed,  and  forming  sulphuretted  hydrogen 
and  oxid,  which  when  united  decompose  the  air,  the 
oxigen  uniting  with  the  hydrogen  to  generate  water,  and 
with  the  sulphur,  to  form  sulphuric  acid,  which  is  left 
in  union  with  the  oxid,  thus  producing  sulphate. 

The  sulphurets  or  pyrites  are  a  very  important  claas 
of  compounds,  not  only  from  their  peculiar  properties, 
but  also  from  the  metals  being  frequently  found  in  this 
state  of  combination. 

Chlorine  acts  easily  on  metals  in  general,  and  forms  cooi- 
pounds  called  chhrids,  or  chhruretSj  analogous  in  their 
properties  to  sulphurets.  When,  for  instance,  copper  leaf 
is  introduced  into  a  bottle  of  chlorine  gas,  it  is  instantly 
inflamed,  the  chlorine  and  copper  uniting  to  form  chloru- 
ret.  The  easiest  mode  of  introducing  the  leaf  is  to  put  it 
coiled  up  loosely  into  a  small  copper  dish,  and  place  this 
on  a  wire,  one  end  of  which  is  passed  through  a  cork,  the 
other  bent  so  as  to  form  a  support  for  the  dish.  The 
bottle  of  gas  should  be  placed  in  a  plate  of  water,  and  a 
shade  put  over  it  when  the  leaf  is  introduced,  that  the 
fumes  may  be  prevented  from  escaping. 

Chlorurets  in  many  respects  resemble  sulphurets,  par* 
ticularly  in  their  action  with  water.  When,  for  instance, 
the  chloruret  of  a  metal,  having  a  powerful  affinity  for 
oxigen,  is  thrown  into  water,  there  is  an  immediate  de- 
composition, the  oxigen  and  metal  combine  to  form 
oxid,  and  the  hydrogen  and  chlorine  muriatic  acid,  which 
entering  into  union  with  the  oxid  produces  muriate  ;  so 
that  chlorurets,  properly  speaking,  are  not  soluble  in 
water,  but  converted  into  muriates.  There  are  chloni« 
rets,  however,  which  do  not  undergo  this  change,  such 
as  those  of  silver  and  mercury,  but  on  the  addition  of  an 
acid,  or  of  a  metallic  oxid,  the  decomposition  is  effected^ 
the  hydrogen  uniting  with  the  chlorine,  and  the  oxigen 
with  the  metal.  If  another  acid  has  been  added,  it  com* 
bines  with  the  oxid^  and  the  muriatic  acid  is  disengaged. 
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but  if  another  oxid  has  been  employed,  it  seizes  the  mu- 
riatic  acid,  and  the  newly  formed  oxid  is  set  at  liberty. 

The  action  of  iodine  is  similar  to  that  of  chlorine  and 
sulphur, — ^it  unites  with  the  metals,  and  forms  iodurets. 
The  union  may  be  effected  either  by  putting  the  metal, 
as  potassium,  into  the  vapour  of  iodine,  by  which  it  is  in- 
flamed, and  then  combines  with  it,  or  by  mixing  them, 
and  heating  them,  by  which  the  union  is  also  effected. 
lodurets  are  similar,  in  many  respects,  to  sulphurets  and 
chlorurets.  When  thrown  into  water,  most  of  them  are 
decomposed,  the  oxigen  forming  an  oxid  with  the  metal, 
and  the  hydrogen  hydriodic  acid  with  the  iodine,  and 
these  by  dieir  union  generate  a  salt. 

Cyanogen  acts  exactly  in  the  same  way ;  with  some  it 
enters  into  union  directly,  but  with  others  it  cannot  be 
made  to  combine,  except  by  decomposition.  The  com- 
pounds formed  are  called  cyanurets,  and  are,  when  acted 
on  by  water,  similar  to  chlorurets,  being  converted  to  hy- 
drocyanates. 

The  acids  in  general  act  with  metals  with  great  ease, 
but  the  action  differs  according  to  the  acid,  and  its  state 
of  concentration  ;  the  diluted  acid  generally  acting  most 
energetically.  When  nitric  acid  is  employed,  either  con- 
centratcfd  or  diluted,  the  metal,  with  few  exceptions,  is 
dissolved,  but  at  the  same  time  acquires  oxigen  from 
part  of  the  acid  to  form  an  oxid,  which  uniting  with  the 
remainder,  generates  a  salt,  nitric  oxid  being  disengaged. 
When  sulphuric  acid  concentrated  is  used,  there  is  no 
action  at  a  natural  temperature ;  but  on  the  application 
of  heat,  part  of  the  acid  is  deprived  of  oxigen,  to  form  an 
oxid,  which  unites  with  the  remainder  of  the  acid.  If, 
however,  it  be  diluted,  the  action  is  altogether  diffe- 
rent. It  is  not  the  acid  but  the  water  that  gives  oxi- 
gen to  the  metal,  to  form  the  oxid,^-of  course  hydrogen 
gas  is  disengaged.  A  similar  action  takes  place  with  mu- 
riatic acid,  the  water  oxidizing  the  metal. 

The  substances  formed  in  this  way  are  called  saltSf 
which,  it  must  be  borne  in  mind,  are  compounds  of  the  add 
and  metallic  orid^  for  in  no  instance  does  an  acid  unite 
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with  a  metal.  In  most  of  these  the  properties  of  the 
acid  askd  base  are  destroyed  or  neutralized ;  and  when 
this  is  the  case,  the  compound  is  called  a  netUral  salt 

Compound  salts  differ  much  from  each  other  in  ap- 
pearance.— Some  of  them  crystallize  easily,  while  others 
cannot  be  procured  in  that  state.  Most  of  them  are 
transparent  and  colourless,  but  some  are  of  different  co- 
lours, more  particularly  those  containing  the  substances 
long  known  by  the  name  of  metal6.--*Thu8  the  salts  of 
cc^per  are  blue,  those  of  cobalt,  red. 

As  metals  unite  with  different  proportions  of  oxigeOy 
so  we  find  that  there  are  salts  containing  the  same  me- 
tals, but  in  different  states  of  oxidation.  In  general, 
when  a  metal  is  dissolved  by  an  acid,  (fluted,  it  is  in 
the  state  of  protoxid ;  but  on  the  contrary,  when  caa- 
eentrated,  the  oxid  is  at  its  maximum.  Gay  Lussac  has 
laid  it  down  as  a  general  rule,  that  the  more  oxigen  there 
is  in  an  oxid,  the  more  acid  it  requires  for  saturation* 

It  is  of  the  utmost  consequence  to  distinguish  the 
salts  by  particular  names ;  for  as  there  are  compounds  of 
the  same  acid,  with  the  metals  in  different  states  of  oxi- 
dation, and  again  the  same  oxid  in  union  with  different 
prc^rtions  of  acid,  unless  particular  names  be  given  te 
the  compounds,  it  would  lead  to  a  great  deal  of  ccmfiK 
sion. 

The  name  of  a  salt  is  in  general  derived  from  that  of 
ike  add  and  base  which  it  containsj-^-that  of  the  add 
being  considered  as  the  generic  name.  Thus,  those  with 
nUric  add,  are  called  nitraies ;  those  with  stdphuric  mcid^ 
eulphaiesj  and  so  on ;  and  to  these  is  added  that  of  the 
base,  as  nJphate  ofwoda^  carbonate  of  lead,  &c.  It  must 
be  kept  in  mind,  however,  that  though  we  speak  ot  a 
salt  of  a  metal,  it  is  always  understood  that  that  metal 
is  in  the  state  of  oxid ;— >thus  carbonate  of  lead,  property 
speaking,  is  carbonate  of  the  oxid  of  lead.  As  the  add^ 
fiable  bodies  are  susceptible  of  different  degrees  of  acidi* 
fication,  and  the  acids  formed  enter  into  union  with  the 
metallic  oxid,  it  has  been  recommended  that  the  name 
denoting  the  add  should  have  a  different  final  syllable, 
by  which  the  proportion  of  oxigen  may  be  shewn,  and 
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die  add  pcAated  out  Thus,  those  salts  with  the  acid 
luving  the  largest  proportion  of  oxigen,  have  the  final 
■jllaUe  of  their  name  in  atCj  and  those  with  the  smaller 
proportion^  in  iU;  as  ndphatCi  denoting  that  the  salt 
eontains  sulphuric  octd,  and  suIphiU^  that  it  has 
9u^pkurous  acicL  But,  again,  the  same  acid  fre- 
quently enters  into  union  in  different  quantities  with 
the  same  base.  When  the  properties  of  both  are 
destroyed,  the  salt  is  called  a  neutral  one.  When  the 
acid  is  in  excess,  and  in  which  case  the  compound  has 
add  properties,  it  is  called  a  supersdli,  as  supersulphate 
of  potass.  When  it  is  in  deficiency,  and  of  course  has 
the  properties  of  the  base,  it  is  termed  a  subsaltj  as  subr 
carbonate  of  soda.  Instead  of  super ^  the  latin  words  bis^ 
ier^  &c.  are  sometimes  used  to  shew  the  relative  quantity 
of  add ;  thus,  hisulphaie  of  potass,  that  containing 
twice  as  much  add  as  exists  in  the  sulphate.  As  metals 
are  susceptible  of  different  degrees  of  oxidation,  and  as 
the  different  oxids  unite  with  the  acids,  it  is  necessary 
also  to  shew  by  the  name  which  oxid  the  salt  contains,— 
and  this  is  done  dther  by  prefixing  the  term  by  which 
the  oxid  itself  is  characterized,  or  by  adding  some  of  its 
qualities.  Thus,  when  a  protoxid  unites  with  acid,  it 
tonxiB  apratosaU ;  as  protosulphate  of  iron,  a  compound 
of  sulphuric  acid  and  protoxid  of  iron.  When  the  acid 
ia  in  union  with  a  peroxid,  it  forms  a  persalt ;  a»y  persul' 
pkaU  oi  iron.  We  often  speak,  also,  of  the  green  sut 
pbate,  and  brown  sulphate  of  iron,  the  former  having 
the  protoxid,  the  latter  the  peroxid  ;  but  the  other  me- 
thod is  preferred,  because  it  points  out  the  composition 
of  the  salt 

Metals  unite  with  each  other,  and  form  compounds  call- 
ed alloys^  with  the  exception  of  those  containing  mercury, 
which  are  termed  amalgams^  and  to  designate  these  the 
name  of  the  metal  in  largest  proportion  is  placed  first. 
Thus,  an  alloy  of  gold  and  copper  shews  that  the  gold  is 
in  largest  quantity. 

Alloys  retain  the  general  metallic  properties,  but  those 
ci  the  metals  they  contain  are  considerably  altered.  Thus, 
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the  specific  gravity,  hardness,  and  fluidity,  are  diflPerent 
IVom  what  should  be  expected.  The  specific  gravity,  for 
instance,  is  seldom  the  mean  of  those  of  the  ingredients, 
being  in  general  greater ;  but  in  some  cases  it  is  less,  as 
with  the  alloys  of  gold  with  copper  or  tin.  With  respect 
to  fusibility,  we  find  that  this  is  also  changed,  the  fusing 
point  being,  in  general,  far  below  that  of  the  least 
fusible  metal.  Platinum,  which  requires  a  most  intense 
heat  for  its  liquefaction  is  melted  easily  when  united 
with  other  metals. 

The  malleability  and  ductility  are,  in  general,  also 
much  impaired.  Gold  and  lead  are  both  malleable  and 
ductile ;  the  former  more  so  than  any  other  metal,  but 
when  they  are  alloyed  together,  the  compound  is  quite 
brittle ;  indeed,  the  ductility  and  malleability  of  gold  are 
diminished  by  the  presence  of  l-2(X)0th  part  of  lead. 
Hence  the  necessity  of  being  particular  in  the  purifi- 
cation of  metals. 

By  alloying  metals  there  is  also  a  remarkable  change 
with  respect  to  their  power  of  being  oxidated  and  dis- 
solved in  acids.  In  general  they  are  more  easily  oxi- 
dated when  in  union  than  when  pure,  owing,  as  some  sup- 
pose, to  a  galvanic  action  being  excited.  With  respect 
to  their  solubility,  in  some  instances,  metals  which  are 
acted  on  by  acids  with  difficulty,  are  easily  affected  when 
alloyed ;  while  others,  which  are  easily  acted  on,  are  ena- 
bled, by  their  union  with  others,  to  resist,  in  a  great  mea- 
sure, their  action.  Thus,  silver  is  easily  dissolved  by 
nitric  acid,  but  when  united  with  gold,  it  is  not  affected, 
unless  when  in  large  quantity  ;  and  hence  when  it  is  ne- 
cessary to  separate  them,  as  in  the  methods  practised  for 
procuring  them,  if  little  silver  is  present,  the  alloy  must 
be  fused  with  an  additional  proportion. 

Metallic  oxids  unite  with  each  other,  and  form  an  in- 
teresting class  of  compounds,  which,  from  their  colour, 
are  now  employed  in  imitating  the  gems.  This  is  parti- 
cularly the  case  with  the  oxids  called  earths,  and  those 
of  the  common  metals. 

Metals  are  found  in  various  states,  occasionally  native^ 
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that  18,  metallic,  but  more  frequently  in  combination,  as 
with  oxigen,  sulphur,  or  acids,  in  which  form  they  are 
called  ores.  The  most  common  natural  tx>mpounds  are 
those  with  sulphur,  which  are  called  pyriteSy  and  it  is 
from  these  that  metals  are  most  gener^ly  obtained.  The 
process  of  extracting  them  from  their  ores,  is  called  reduc- 
tion or  smelting. 

Different  methods  are  practised,  depending  in  a  great 
measure  on  the  nature  of  the  metal,  and  the  substances 
with  which  it  is  combined.  In  general,  the  metallic 
compound  is  first  separated  as  much  as  possible  from  the 
earthy  impurities  in  which  it  is  imbedded,  and  which  is 
doDe  by  breaking  the  ore  into  fragments,  and  removing 
the  earthy  matter,  the  process  being  in  some  cases  acce- 
lerated, by  putting  the  coarse  powder  on  an  inclined 
plane,  and  allowing  a  stream  of  water  to  flow  on  it,  by 
which  the  heavier  metallic  ingredients  are  carried  to  the 
bottom,  the  lighter  stony  impurities  remaining  above. 
Whoi  the  ore  contains  sulphur,  it  is  then  roasted,  by 
which  this  is  driven  off,  and  the  metal  united  with  oxi- 
gen ;  after  this  the  oxid  is  mixed  with  coke,  or  charcoal, 
and  again  subjected  to  heat,  by  which  the  oxigen  is  re- 
moved, and  the  metal  left  pure,  and  being  melted,  falls 
to  the  bottom  of  the  furnace,  and  is  drawn  off.  When 
it  is  a  volatile  one,  it  is  procured  by  sublimation.  The 
particular  processes  followed  in  procuring  the  different  me- 
tals, will  be  described  when  giving  their  chemical  history. 

Gjemseal  Pbopxkties  of  Compound  Salts. 

Ths  salts  formed  by  the  union  of  the  acids  and  bases, 
whether  containing  oxigen  or  hydrogen,  have  properties 
by  which  they  are  distinguished  from  other  bodies.  A 
general  account  of  them  may  be  useful,  not  only  as  point- 
ing out  those  qualities  by  which  they  are  characterized, 
but  as  saving  hereafter  a  great  deal  of  useless  repetition. 

When  an  acid  is  added  to  a  salifiable  base,  they  unite, 
frequently  with  the  evolution  of  heat,  and  in  most  in- 
stances die.  properties  of  both  are  destroyed  or  neutra» 
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lised)  and  hence  it  is  that  the  compounds  fcmned  have 
been  called  NetUral  SaJis. 

That  there  is  a  change  of  properties,  that  the  com- 
pound no  longer  possesses  the  qualities  of  its  ingredients, 
is  easily  shewn.  The  distinguishing  character  of  an  acid 
is  its  changing  the  vegetable  blues  to  red,  so  that,  if  a 
few  drops  of  any  of  them,  say  sulphuric  acid,  is  added 
to  the  colouring  matter,  it  is  reddened.  The  distin- 
guishing feature  of  a  salifiable  base,  when  soluble,  is  ita 
making  the  blue  green  ;  hence,  on  adding  a  few  drops  of 
solution  of  soda  to  the  same  infusion,  it  becomes  green. 
As  sulphuric  acid  will  combine  with  soda,  if  we  add  the 
infusion  containing  acid  to  that  having  the  alkali,  th^j 
unite,  and  the  original  colour  returns,  shewing  that  the 
compound  has  no  power  of  changing  vegetable  bluef ; 
so  that  properties  of  the  add  and  alkali  have  beeii  d^ 
stroyed. 

Many  of  the  compound  salts  are  soluble  in  water,  wUk 
ethers  are  not  acted  on  by  it ;  in  other  words,  therf  ^n 
insoluble.  The  former,  when  in  solution,  may  in  geoenA 
be  made  to  yield  crystals  by  slow  evaporation,  the  crys^ 
varying  in  different  cases,  not  only  with  respect  to  form, 
but  also  to  constitution ;  for  many  of  them  have  a  large 
quantity  of  water  in  chemical  union  with  their  particles,, 
while  others  have  very  little,  indeed  some  of  them  are 
free  from  it.  The  water  thus  retained  is  called  waUr  qf 
crjfstaOizatifmj  and  the  difference  in  the  quantity  givea 
rise  to  particular  properties. 

Thus,  when  a  moderate  heat  is  applied  to  those  con- 
taining much  of  it,  they  at  first  liquefy,  but  on  the  conti- 
nuance of  the  heat,  are  again  consolidated.  Glauber  salt, 
heated  in  a  flask  over  a  lamp,  becomes  quite  limpid»  like 
water,  but  afterwards  forms  a  dry  white  cake.  The  flui- 
dity in  this  instance  is  owing  to  the  salt  being  dissolved 
in  its  water  of  crystallization,  and  hence  it  is  called  sMk 
teryjunonj  to  distinguish  it  from  fusion  occasioned  m^r^ 
ly  by  heatr 

Those  salta,  on  the  contracy^  which  have  little  water, 
crackle  when  heated,  and  the  fMurta  are  scfagated»  and 
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acattered  aboat.  Sea  salt  thrown  on  a  fire^  or  on  a  hoi 
iron  plate,  has  this  effect.  It  is  owing  to  the  water  in 
the  salt  being  suddenly  converted  to  vapour,  the  expan- 
sive force  of  which  separates  the  particles  with  a  crack- 
ling noise;  hence  it  is  called  crepiiaiiony  (crepUo^  to 
crodde.J 

Scnne  of  the  neutral  salts,  when  exposed  to  the  atmo- 
sphere^ absorb  moisture,  and  become  fluid.  Thus,  car- 
bonate of  potassa,  or  potashes,  when  strewed  on  a  sheet 
oi  blotting  paper,  very  soon  exhibits  signs  of  becoming 
mmat     This  is  called  deUquescence^  (deliqueMCOj  to  become 

Other  salts,  as  carbonate  of  soda,  or  what  is  cmnmonly 
called  soda,  when  exposed  to  the  air,  lose  their  transpa- 
tfMncjf  and  acquire  a  white  crust  on  their  surface,  and  if 
left  long  enough,  fall  into  a  white  powder.  This  is  owing 
to  their  losing  their  water  of  crystallization,  which  is 
taken  away  by  the  air.  It  is  called  efflorescence^  (effloresco^ 
to  hiam  as  a  Jhwer.)  These  changes  point  out  the  ne- 
eeaiity  of  keeping  the  salts  excluded  from  the  atmosphere, 
which  thus  alters  so  much  their  properties. 

Though  some  of  the  compound  salts  are  soluble,  and 
olbers  insoluble  in  water,  several  are  decomposed  by  it, 
llie  water  uniting  with  the  greater  part  of  the  acid,  still 
retaining  a  little  of  the  base ;  while  the  remainder  of  the 
baae  is  precipitated,  but  still  combined  with  a  little  of 
the  acid,  thus  apparently  converting  the  salt  into  a  eo^ 
btUe  supersaU,  and  an  insoluble  subsaU, 

Heat  deccHnposes  some  of  the  compound  salts,  particu- 
larly nitrates,  carbonates,  sulphates,  and  all  those  con- 
taining  hydr-acids;  the  action,  however,  varies  in  diffe- 
rent cases.  When  a  salt,  with  an  oxucuAd^  is  decompos- 
ed by  heat,  the  acid  is  in  general  expelled  without  being 
decomposed,  leaving  the  base  pure,  though  to  this  there 
are  a  few  exceptions^  the  whole,  or  part  of  the  add,  in 
some  instances^  communicating  an  additional  proportion 
of  oxigen  to  the  metal,  so  as  to  bring  it  to  a  higher  state 
of  oxidation.  The  action  with  the  salts  containing  hydr- 
acida  iiy  howavev,  diffsrmt  and  peculiar.    When  any  of 
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these  is  exposed  to  heat,  both  the  acid  and  base  are  de- 
composed,  the  hydrogen  of  the  one,  and  oxigen  of  the 
other,  uniting  to  form  water,  and  leaving  the  metal  and 
radical  of  the  acid  in  union,  so  that  the  residuum  is  a 
sulphurety  chJoruretj  or  ioduret.  This  must  be  consider- 
ed a  general  rule,  and  is  just  the  converse  of  what  has 
been  already  stated  with  regard  to  sulphurets,  chlorurets, 
and  iodurets,  which,  when  thrown  into  water,  become  hy- 
dro-sulphurets,  muriates,  and  hydr-iodates. 

This  is  not,  however,  the  case  with  those  salts  con- 
taining ammonia,  or  the  hydr-alkali.  On  the  applica- 
tion of  heat,  there  is  no  decomposition  of  this  kind ;  for 
though  the  base  of  the  alkali  may  have  a  tendency  to 
combine  with  that  of  the  acid,  yet  there  is  no  oxigen  to 
unite  with  the  hydrogen,  and  by  which  the  decomposi- 
tion of  the  hydr-acid  salts  with  oxidized  bases  is  ef- 
fected. 

Some  of  the  compound  salts  are  decomposed  by  exjfo- 
sure  to  air,  particularly  those,  the  acids  and  bases  of 
which  have  a  strong  disposition  to  unite  with  more  oxi- 
Thus  hydro-sulphates  gradually  become  sulphates,  and 
some  of  the  carbonates  combine  with  an  additional  pro- 
portion of  acid.  When  the  salt  contains  a  metal  in  a  low 
state  of  oxidation,  but  capable  of  combining  with  more 
oxigen,  there  is  in  general,  on  exposure  to  air,  an  ab^ 
sorption  of  this  gas,  by  which  the  metal  becomes  peroxid, 
and  part  of  it  is  deposited  ;  because  the  acid  which  pre- 
viously neutralized  the  protoxid,  is  not  in  sufficient  quan- 
tity to  keep  the  peroxid  in  solution  ;  for  it  must  be  borne 
in  mind  as  a  general  law,  that  the  more  oxigen  there  is 
in  the  oxid,  the  more  acid  it  requires  for  neutralization. 
Froto-sulphate  of  iron,  or  green  vitriol,  undergoes  this 
change. 

Some  of  the  simple  acidifiable  bodies,  as  phosphorus 
and  carbon,  decompose  the  salts,  combining  with  the  oxi- 
gen, and  causing  the  deposition  of  the  metal  in  its  me- 
tallic state. 

By  far  the  most  important  actions  on  compound  salts 
are  those  accomplished  by  the  addition  of  acids  and  sail- 
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fiable  bases.  When  an  acid  is  added,  between  which  and 
the  base  there  is  a  stronger  attraction  than  that  between 
the  ingredients  previously  in  union,  there  is  an  imme- 
diate decomposition  ;  the  acid  introduced  combines  with 
the  base,  and  sets  the  other  at  liberty.  Thus  sulphuric 
acid  liberates  nitric  and  muriatic  acids  from  nitrates  and 
muriates,  and  almost  any  acid  will  decompose  a  carbo- 
nate, disengaging  the  carbonic  acid.  In  some,  the  ac- 
tion is  much  more  complicated ;  but  these  particular  cases 
will  be  afterwards  noticed,  when  describing  the  salts  in 
which  they  occur. 

The  preceding  remarks  apply  only  to  the  addition  of 
oxi-acids  to  salts.  A  much  more  complicated  action,  in 
general,  ensues,  when  hydr-acids  are  employed  ;  because, 
owing  to  the  powerful  affinity  between  oxigen  and  hydro- 
gen, water  is  frequently  formed,  and  the  metal  and  base 
of  the  acid  are  left  to  enter  into  union.  Thus,  when  muri- 
atic acid,  or  sulphuretted  hydrogen,  is  added  to  some  of 
the  salts,  as  those  of  lead,  silver,  &c.  there  is  not  only  the 
leparation  of  the  oxid  and  acid,  but  the  hydrogen  of  the 
hydr-acid  and  oxigen  of  the  oxid  combine  to  form  water, 
while  the  chlorine,  or  sulphur,  unite  with  the  metal,  so  that 
the  product  is  a  chloruret  or  sulphuret,  the  other  acid  re- 
maining in  solution.  The  same  is  the  case  with  hydr-iodic 
and  hydro-cyanic  acid,  the  precipitates  formed  by  them 
being  iodurets  and  cyanurets. 

Some  of  the  compound  salts  are  decomposed  by  me- 
tals, provided  one  be  employed  which  has  a  more  power- 
ful affinity  for  oxigen  than  that  of  the  metal  in  solution. 
Thus  iron,  put  into  a  solution  of  blue  vitriol,  or  sul- 
phate of  copper,  unites  with  the  oxigen  of  the  oxid,  and 
with  the  acid  itself,  to  be  converted  into  a  sulphate, 
while  metallic  copper  is  deposited.  Though  this  is  gene- 
rally ascribed  to  the  superior  force  of  attraction  of  the 
introduced  metal  for  oxigen,  some  are  inclined  to  think 
that  the  action  is  galvanic,  and  much  more  complicated 
than  that  stated.     (See  Galvanism.) 

Metallic  salts  are  decomposed  by  the  salifiable  bases, 
provided  the  attraction  between  the  base  added,  and  the 
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acid  of  the  salt,  is  more  powerful  than  that  between  the 
ingredients  in  union,  so  that  they  unite,  and  the  base 
is  set  at  liberty.  Thus  the  soluble  oxids,  as  potassa, 
soda,  and  lime,  decompose  almost  all  salts,  because  their 
affinity  for  acids  is  more  powerful  than  that  of  the  acids 
for  the  other  bases.  The  newly  liberated  oxid  will  be 
either  precipitated,  or  held  in  solution,  according  as  it 
is  soluble  or  insoluble  in  water.  In  some  cases,  the 
base,  though  precipitated,  almost  instantly  disappears, 
being  dissolved  by  an  excess  of  the  other.  Thus  po* 
tassa,  which  decomposes  the  salts  of  alumina,  of  leady 
and  zinc,  if  used  in  a  large  quantity,  dissolves  the  pre- 
cipitated oxid  ;  but  from  the  solution,  the  oxid  may  be 
thrown  down  by  the  cautious  addition  of  an  acid,  which 
will  neutralize  the  dissolving  oxid. 

In  considering  the  alkalifiable  bodies,  they  may  be  di- 
vided into  the  two  classes  already  mentioned,— those 
uniting  with  oxigen,  and  those  uniting  with  hydrogen  f 
and  it  is  the  properties  of  the  first  only  that  are  to  be 
described.  It  is  customary  to  arrange  them  in  subdivi* 
aions,  according  to  their  properties ;  such  as  their  acticm 
with  heat  and  air,  their  malleability  and  ductility,  ox 
their  power  of  being  dissolved  by  acids.  Without  at^ 
tempting  any  arrangement  of  this  kind,  thdr  properties 
may  be  perhaps  more  distinctly  stated  by  dividing  them 
into  the  three  classes  of 

Metals  producing  alkalies, 

Metals  producing  earths,  and 

Metals  producing  compounds,  long  known  by  the  name 
of  metallic  oxids. 

By  adopting  this,  we  still  adhere  to  the  old  arrange- 
ment of  alkalies,  earths,  and  metals,  and  are  thus,  after 
detailing  a  few  of  the  properties  of  the  metals  with  oxi- 
gen, chlorine,  sulphur,  and  some  other  bodies,  to  de- 
scribe the  compounds  long  called  neutral  salts,  and  the 
earthy  and  metallic  salts. 

The  following  is  the  order  in  which  the  simple 
forming  bases,  are  to  be  treated  of: 
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Istf   Substoaeei   fonning 
name  oldlkaKes* 

1.  Potassium.  | 

9dy  Those  forming  earths. 

1.  Calcium. 

2.  Barium. 
S.  Stontium. 

4.  Magnesium. 

5.  Lithium. 

8d^  Those  long  known  by 

1.  Iron. 

2.  Copper. 

5.  Lead. 
4.  Tin. 

6.  Zinc. 

6.  Mercury. 

7.  Antimony. 

8.  Magnesia. 
a  Gold. 

10.  Silver. 
1}.  Platinum. 
IS.  Rhodium. 
18.  Iridium. 
14.  Osmium. 


those  long  known   by  the 

5.  Sodium. 

6.  Aluminum. 

7.  Silicum. 

8.  Glucinum. 

9.  Yttrium. 
10.  Zirconium. 

the  name  of  metals. 

15.  Palladium. 

16.  Bismuth. 

17.  Cobalt. 

18.  Nickel. 

19.  Cadmium. 

20.  Cerium. 
SI.  Uranium. 
SS.  Chromium. 
SS.  Molybdenum. 

54.  Tungsten. 

55.  Tellurium. 
26.  Titanium. 
S7.  Columbium. 


POTASSIUM. 

Thb  substance  called  potassa,  or  vegetable  alkaliy  was 
long  considered  a  simple  body,  though  many  conjectures 
had  been  thrown  out  concerning  its  composition,  and  nu- 
merous attempts  made  to  decompose  it.  Sir  H.  Davy, 
aflter  having  discovered  the  wonderful  decomposing 
power  of  Galvanism,  and  having  found  that  substances 
with  similar  properties  are  drawn  towards  the  same 
pole  g£  a  galvanio  trough,  was  led,  in  1807,  (Ph.  Tr.) 
to  try  the  action  of  galvanism  on  potassa,  and  which  was 
first  done  with  the  powerful  battery  of  the  Royal  Insti- 
tati9ii  cC  London. 
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On  fiubjecting  its  solution  to  the  galvanic  action,  the 
water  only  was  decomposed,  which  suggested  the  neces- 
sity of  using  the  alkali  in  its  dry  or  fused  state,  moisten- 
ing it,  as  by  breathing  on  it,  to  make  it  a  conductor. 
When  placed  on  a  platinum  cup,  connected  with  the  ne- 
gative end  of  the  trough,  and  the  connecting  wire  from 
the  positive  end  made  to  touch  it,  it  was  instantly  fused 
at  the  points  of  contact,  and  there  was  at  the  same  time 
an  effervescence,  and  at  that  part  where  it  touched  the 
cup,  very  minute  globules  of  a  substance  resembling 
mercury  in  appearance,  were  observed,  some  of  which 
soon  became  covered  with  a  white  crust,  while  others 
burned  with  a  slight  explosion,  almost  the  instant  they 
were  formed. 

Sir  H.  Davy  had  previously  established  it  as  a  gene- 
ral law,  that  by  the  action  of  galvanism  on  substances 
containing  oxigen,  this  elastic  fluid  is  disengaged  at  the 
positive  wire;  he  therefore  conjectured  that  it  was  it 
that  caused  the  effervescence  in  the  experiment  men- 
tioned. He  accordingly  found,  that  on  collecting  the 
gas,  it  was  pure  oxigen.  He  therefore  concluded,  that 
potassa  is  a  compound  of  it,  and  an  inflammable  body. 
In  his  first  attempts  to  procure  the  base,  he  entirely 
failed,  owing  to  its  being  inflamed  by  the  action 
of  air ;  but  by  covering  the  alkali  with  different  fluids, 
he  at  last  discovered,  that  distilled  oil  of  petroleum, 
or  naphtha,  prevented  the  combustion ;  so  that  he 
was  thus  enabled,  by  subjecting  the'potass  to  the  galvanic 
agency  under  the  oil,  to  procure  a  sufficient  quantity  of 
the  inflammable  matter,  to  enable  him  to  ascertain  a  few 
of  its  properties,  and  to  confirm  the  accuracy  of  his  con- 
clusion, that  potassa  is  a  compound  of  it  and  oxigen. 
To  the  newly  discovered  body,  he  gave  the  name  of  po^ 
tassium. 

By  the  action  of  galvanism  on  potassa,  very  little  po- 
tassium can  be  obtained.  Gay  Lussac  and  Thenard  have, 
however,  pointed  out  a  method  (An.  de  Chim.  Ixv.)  of 
procuring  it  in  considerable  quantity,  which  consists  in 
exposing  the  alkali  to  iron  at  a  red  heat,  by  which  the 
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iron  unites  with  its  oxigen,  and  is  converted  to  an  oxid, 
while  the  potassium  is  set  at  liberty. 

For  this  purpose,  some  very  clean  shavings  of  iron  are 
put  into  an  iron  tube,  AB,  previously  coated  with  clay 
and  sand,  or  passed  through  another  tube  of  earthen  ware, 
to  protect  it  from  the  fire  when  brought  to  a  white  heat, 
which  is  done  by  passing  it  through  a  furnace.  An  iron 
bottle,  C,  filled  with  potassa,  is  then  attached  to  the 
aperture  A,  and  having  a  small  bent  tube,  D,  fitted  to 
its  upper  end,  and  made  to  terminate  in  a  glass  of  mer- 
cury, £.     To  the  aperture  of  the  barrel  B,  is  fixed  a 


copper  tube,  F,  and  again  to  it  a  copper  receiver,  G, 
both  of  which  are  to  receive  the  potassium.  To  the  op- 
posite end  of  6,  is  attached  a  bent  tube,  H,  terminated 
in  mercury,  I.  When  the  iron  shavings  are  fully  heated, 
a  cage  of  charcoal,  K,  is  placed  under  C,  to  fuse  the 
potassa,  and  make  it  pass  into  the  tube,  AB,  where 
meeting  with  the  iron,  there  is  at  first,  owing  to  the  de- 
composition of  the  water,  a  disengagement  of  hydrogen 
gas,  which  escapes  at  I.  When  this  has  begun,  the 
chauffer,  K,  must  be  removed,  and  not  again  applied  till 
the  gas  nearly  ceases  to  come  off.  On  repeating  the  pro- 
cess in  this  way,  there  is,  each  time  the  chauffer  is  re- 
placed, a  disengagement  of  hydrogen,  but  at  the  same 
time  the  potassa  is  also  undergoing  decomposition,  and 
coming  off  in  vapour,  is  condensed  in  the  tubes,  FG, 
which  all  the  time  must  be  kept  cool.  Should  the  dis- 
engagement of  gas  at  I  cease,  and  gas  come  out  at  E, 
it  is  owing  to  the  potassium  shutting  up  G  ;  but  this  is 
easily  removed  by  holding  a  chauffer  under  it,  and  driv- 
ing it  over  into  I.  When  the  operation  is  finished,  and  the 
apparatus  sufBciently  cooled,  the  tubes  FG,  are  to  be  re- 
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moved,  and  naphtha  poured  through  tbeniy  after  which 
the  potassium  may  be  taken  out,  and  instantly  placed 
into  a  phial  with  naphtha.  If  any  potassium  should  be 
lodged  in  the  end  of  the  tube,  B,  it  must  be  plugged  up, 
and  when  the  furnace  is  cold,  it  may  be  got  out  by  first 
dipping  the  tube  into  naphtha,  and  then  removing  it  with 
a  wire. 

The  preparation  of  potassium  is  attended  with  great 
difficulty,  and  even  when  it  succeeds,  very  little  of  it  is 
procured  at  a  time,  and  hence  the  enormous  expense  of  it. 

Other  methods  have  also  been  recommended,  by  which 
potassium  may  be  procured  much  more  easily,  and  in 
larger  quantity,  but  by  no  means  so  pure.  By  far  the 
best  of  these,  is  that  recommended  by  Brunner,  and  im- 
proved by  Wohler.  It  consists  in  decomposing  a  salt  of 
potass,  as  the  carbonate  by  charcoal,  in  an  iron  bottle,  to 
which  a  tube  is  attached,  and  made  to  terminate  in  naph- 
tha. In  this  instance,  the  carbon  deprives  the  alkali  of 
its  oxigen,  and  comes  off  in  the  state  of  carbonic  oxid* 
bringing  the  potassium  along  with  it,  which  is  condensed 
in  the  cool  naphtha.  For  the  particulars  of  the  procesf. 
See  London  Quarterly  Journal^  No.  xliii. 

Potassium  has,  when  recently  prepared,  the  lustre  of  a 
metal.  It  is  soft,  and  can  be  easily  cut,  and  it  then  pre- 
sents  the  appearance  of  a  piece  of  newly  cut  lead* 
Though  resembling  metals,  it  differs  from  them  materi- 
ally in  its  specific  gravity,  being  much  lighter  than  water. 
Gay  Lussac  and  Thenard  make  it  only  865,  and  Bu- 
cholz  876,  water  being  1000.  Its  atomic  weight,  accord^ 
ing  to  Thomson,  is  50.  It  is  a  good  conductor  of  beat 
and  of  electricity.  When  heated  to  70,  it  becomes  semi- 
fluid, and  about  150  it  is  quite  liquid,  and  cannot  then 
be  distinguished  from  mercury.  Though  thus  easily 
fused,  it  requires  nearly  a  red  heat  for  its  volatilization ; 
and  if  the  experiment  be  performed  in  close  vessels,  the 
vapour  is  condensed,  unchanged  in  its  qualities. 
'  When  potassium  is  exposed  to  the  air,  it  rapidly  ac- 
quires a  crust  on  its  surface,  owing  to  its  uniting  with 
oxigen  gas ,  but  in  this  way  it  is  not  completely  oxidized^ 
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becaaae  the  erust  fonned  prevents  the  farther  union  of 
the  part  beneath  it  with  oxigen. 

By  heating  it  in  air,  and  more  particularly  in  oxigen  gas, 
it  bums  with  considerable  splendour,  and  in  the  last  in- 
stance, a  yellowish  matter  is  formed,  which,  according  to 
Ga.y  Lussac  and  Thenard,  is  a  peroxid,  which  is  easily  de- 
composed by  water,  which  drives  off  part  of  the  oxigen, 
and  leaves  the  potassium,  still  retaining  so  much  as  to 
eonTert  it  to  potassa.  When  heated  in  hydrogen,  there 
is  combustion,  owing  to  the  union  of  the  hydrogen  with 
the  excess  of  oxigen.  When  heated  with  carbon,  sul- 
phur, or  phosphorus,  carbonic,  sulphuric,  or  phosphoric 
acid  is  fonned,  which  then  enters  into  union  with  the  po« 
tasaa,  and  generates  a  carbonate,  sulphate,  or  phosphata 

The  action  of  potassium  and  water  is  remarkable,  and 
presents  very  striking  phenomena.  The  moment  it  is 
tenehed  by  it,  it  takes  fire,  and  burns  with  a  bright 
red  flame.  If  it  be  thrown  on  the  surface  of  a  basin  of  it, 
if  IB  also  kindled,  and  runs  along  like  a  red-hot  ball,  and 
there  is  a  slight  report  when  the  flame  is  extinguished. 
Potassium  is  even  kindled  though  the  water  is  frozen,  for 
if  a  snudl  piece  of  it  be  thrown  on  ice,  it  is  inflamed,  and 
andLea  a  cavity,  as  if  the  ice  were  touched  by  a  red-hot 
wire.  In  all  of  these  experiments,  there  is  a  decomposi- 
tioD  of  the  water,  the  potassium  uniting  with  the  oxigen, 
to  generate  potassa,  and  setting  free  the  hydrogen,  which, 
escaping  in  the  gaseous  state,  unites  with  a  little  of  the 
potassium,  and  forms  an  inflammable  compound,  which 
is  the  cause  of  the  particular  appearance  of  the  flame. 
That  there  is  a  decomposition  and  evolution  of  hydro- 
gen, is  shenfp  by  inclosing  a  small  piece  of  potassium  in 
wire  gauze,  and  thrusting  it,  by  means  of  pincers,  quickly 
under  water,  and  holding  a  funneled  tube  over  it;  a 
gas  rises  which  is  inflammable,  and  when  exploded  with 
oxigen,  generates  water.  That  potassa  is  formed  can  be 
proved,  for  if  cabbage  infusion,  instead  of  water,  be  em- 
ployed, it  becomes  green,  which,  as  will  be  afterwards 
particularly  mentioned,  is  a  distinguishing  feature  of  the 
alkalies. 
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These,  and  the  other  experiments  already  mentioned, 
show  the  necessity  of  having  potassium  excluded  from 
.sir  and  moisture,  and  the  care  that  must  be  taken,  when 
experimenting  with  it,  not  to  allow  it  to  be  touched  by 
water.  The  best  means  of  preserving  it  is  to  keep  it  in 
naphtha. 

It  is  from  the  ease  also  with  which  it  acts  on  water, 
that  it  is  used  for  detecting  it  in  other  fluids.  If,  for 
instance,  any  of  the  expensive  oils  should  be  adul- 
terated with  it,  it  will  easily  indicate  when  this  is  the 
case. 

By  ascertaining  the  volume  of  hydrogen  evolved  by 
plunging  potassium  under  water,  we  have  an  easy  me- 
thod of  finding  with  how  much  it  unites  to  generate  pot- 
assa,  as  it  must  be  exactly  half  that  of  the  disengi^a^ed 
gas.  According  to  Gay  Lussac  and  Thenard,  100  gr. 
evolve  116.38  cubic  inches,  consequently,  they  must 
have  combined  with  the  half  of  this,  58.19  inches  of 
oxigen,  which  weigh  19.72  gr.  so  that  potassa  is  compos- 
ed of 

potassium,      100. 
oxigen,  19.72 

According  to  Berzelius,  the  proportions  are  100  to  90.46, 
the  mean  of  these  is  20.08.  So  that,  considering  the 
atomic  weight  of  potassium  as  50,  potassa  must  be  a 
compound  of 

1  atom  potassium,        50 
1  atom  oxigen,  10 

and  its  atomic  weight,         60 
The  properties  of  potassium  will  be  afterwards  de- 
scribed. 

Hydeueet. 

Potassium  unites  with  hydrogen,  and  forms  a  com- 
pound called  hydrwret  of  potassium.  When  it  is  heated^ 
by  means  of  a  8j»rit  lamp,  in  the  gas  confined  over 
meccury^i  .  it'  ^disappears,    and  a  gaseous  compound  is 
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fbrmedy  which,  when  heated  in  air,  burns  with  a  red 
flame,  and  potaasa  and  water  are  the  products.  It  is 
this  that  is  the  cause  of  the  peculiar  appearance  of  the 
flame  of  potassium  when  thrown  on  water,  a  little  hy- 
druret  being  formed,  which  is  kindled  by  the  inflamma- 
tion of  the  metal. 

/^&ojp&«r^.— -Phosphorus  unites  with  potassium^  When 
they  are  heated  slightly  under  naphtha,  they  form  a  pho»- 
phuret,  which,  when  thrown  into  water,  gives  o£P  phos- 
phuretted  hydrogen,  the  oxigen  uniting  with  the  base  ; 
so  that  potassa  is  formed. 

Suiphuret  of  potaaatum  may  also  be  obtained  in  the 
fame  way.  It  is  of  a  greyish  colour,  and,  like  many 
other  sulphurets,  is  decomposed  by  water,  forming  sul- 
phuretted hydrogen  and  potassa,  which  unite  and  ge- 
nerate a  salt.  The  sulphuret  may  also  be  procured  by 
the  decomposition  of  the  compound  of  potassa  and  sul- 
phuric acid,  by  means  of  charcoal  at  a  red  heat,  the  car- 
bon depriving  both  the  acid  and  alkali  of  the  oxigen,  and 
leaving  the  sulphur  and  potassium  to  unite.  (See  Sul^ 
fkale  of  Potassa.) 

CUbrvr^— --Chlorine  acts  very  easily  with  potassium. 
The  chloruret  may  be  formed  by  putting  a  piece  of  po- 
tassium in  a  suspended  dish  into  a  bottle  of  the  gas,  by 
which  there  is  immediate  inflammation  and  formation  of 
the  compound.  It  is  white,  like  the  other  compounds  al- 
ready mentioned,  and,  like  them  also,  is  decomposed  by 
water,  the  hydrogen  uniting  with  the  chlorine,  and  the 
oxigen  with  the  potassium,  so  that  muriate  of  potassa  is 
the  product. 

The  chloruret  is,  according  to  Davy,  composed  of 
1  atom  of  chlorine,        -        -      45 
1  atom  of  potassium,      .      -      50 

its  atomic  weight  being  95 

Chloruret  of  pgtassium  may  also  be  formed  by  putting 

potassium  into  muriatic  acid,  by  which  the  hydrogen  is 

evolved,  and  the  potassium  and  chlorine  unite.     It  may 

be  obtained  by  exposing  to  heat  muriate  of  pot- 

(See  Muriate  ofPotiusa.J 
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lodureL^^Iodixke  also  unites  with  potasshim.  The  union 
may  be  «£Pected  by  heating  them  together  in  a  glass  tube, 
by  which  ioduretisibrmed ;  and  which,  like  other  iodurets, 
is  decomposed  by  water^  and  converted  into  hydriodate. 

When  potassium  is  thrown  on  sulphuric  or  nitric  acid^ 
it  is  inflamed  as  when  touched  by  water ;  indeed,  it  is  by- 
the  water  in  the  acid  that  the  combustion  is  produced. 

The  only  use  to  which  potassium  is  applied,  ia  as  a 
test  of  oxigen,  as  already  explained,  and  as  a  powexfuL 
means  of  analysis,  for  which,  from,  its  strong  affinity  for 
oxigen,  it  is  well  adapted. 


SODIUM. 

AjTTsa  Davy  had  discovered  the  compound  nature  of 
potassa,  he  was  naturally  led  to  try  if  the  alkali  common* 
ly.  called  soda  waa  similarly  constituted.  By  subjecting 
it  to  the  action  of  &  galvanic  battery,  the  same  phenome* 
na  were  presented,— oxigen  gas  being  given  off  at  one 
wire,  and  metallic-looking  matter  being  disengaged  at 
that  part  of  the  alkali  in  contact  with  the  platinum  cup. 
He  therefore  concluded  that  it  contained  oxigen  and  ao 
inflammable  base,  to  which  he  gave  the  name  of  Sodium* 

Sodium,  in  many  of  its  properties,  resembles  potassium. 
Its.  lustre  and  consistence  are  nearly  the  same,  but  it* 
specific  gravity  is  rather  higher ;  it  is  972  water,  being 
1000.  Its  atomic  weight  is  80.  It  requires  a  hi^er 
temperature  for  its  fusion,  not  becoming  fluid  till  heat- 
ed to  194.    It  is  also  less  volatile. 

When  exposed  to  the  air  it  acquires  a  crust  on  its  sur- 
face, and  when  heated  in  it,  it  bums,  though  with  a  less 
bright  flame,  and  requiring  a  higher  temperature  for  its 
combustion,  than  potassium.  When  heated  in  oxigen, 
it  forms  a  peroxid,  analogous  in  its  properties  to  peroxid 
of  potassium. 

•The  action  between  sodium  and  water  is  by  no  means 
so  remarkable  as  with  potassium ;  the  water  is  decompose 
ed,  but  there  is  no  combustion^  and  a  compound  of 
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dium  and  oxigem,  called  iodOf  is  left  in  solution.  The 
composition  of  this  is  found  in  the  same  way  as  that  of 
potassa,  by  ascertaining  the  quantity  of  hydrogen  disen- 
gaged.    According  to  Davy  it  is 

sodium,       100. 
oxigen,         83.83 
with  which  the  results  of  others  very  nearly  agree.  And  as 

100  :  33.33  : :  30  :  10  ; 
so  that  it  is  a  compound  of 

1  atom  of  sodiam,         30 
1  atom  of  oxigen,  10 

its  atomic  weight  being  40 

The  properties  of  soda  will  be  afterwards  described. 

Sodium,  at  a  natural  temperature,  does  not  unite  with 
hydrogen, — but  at  a  red  heat  it  can  be  made  to  combine 
with  iU  And  form  an  inflammable  gas. 

Sodium  unites  with  phosphorus,  sulphur,  chlorine,  and. 
iodiney  the  compounds  being  formed  in  the  same  way  as 
those  of  potassium,,  and  having  the  same  properties,  p^r* 
tkularly  with  regard  to  water,  being  all  decomposed  by. 
itf  and  oonverted  into  salts  with  bydr-adds,.  with  the, 
exeeption  of  the  phosphuret,  in  which  case,  the  phosphu*. 
retted  hydrogen  is  disengaged*  and  the  soda  is  left  in  so- 
lution* 

The  only  compound  of,  any  interest  is  the  chlortiret^, 
which,  during  its  decomposition  by  water,  becomes  the 
weltknown  substance  sea  saU^  or  muriate  of  soda.  It  is 
onnposed  of  an  atom  of  each  o£  its  ingredi^ts ;  that  is, 

chlorine,         45 
sodium,  30 

and  hence  its  atomic  weight  iti      75 


The.  other  substance  generating  an  alkali,  is  nitrogen, 
the  properties  of  which  have  been  already  so  far  detailed. 
By  its  union  with  hydrogen  it  forms  a  salifiable  base, 
cslled  ammonia^  which  will  be  afterwards  described. 

A  a  S 


SECTION  VII. 


ALKALIES. 


T^HE  compounds  formed  by  the  union  of  potassium  and 
sodium  with  oxigen,  have  been  long  known  by  the  name 
of  MaUes ;  and  they  have  properties  by  which  they  are 
distinguished  from  other  bodies.  They  are  soluble  in 
water ;  and  their  solutions  have  the  power  of  changing 
the  vegetable  blues  to  green,  as  is  shown  by  the  addi- 
tion of  a  few  drops  to  cabbage  infusion.  Some  of  the 
yellow  infusions,  as  that  of  turmeric,  becomes  brown. 
Litmus,  which  is  so  delicate  a  test  of  the  presence  of  an 
acid,  is  not  rendered  green  by  alkalies,  but  is  changed 
to  blue ;  by  which,  however,  as  it  is  itself  purple,  it  an- 
swers well  as  a  delicate  test ;  and  the  best  mode  of  using 
it  is  to  have  it  spread  on  paper,  which,  when  immersed 
in  an  alkaline  solution,  becomes  blue. 

The  oxids  of  potassium  and  sodium  unite  also  with  the 
acids,  and  form  a  distinct  class  of  compounds,  long  known 
by  the  name  of  neutral  salts. 

In  addition  to  the  alkalies  already  mentioned,  there  ia 
anothec,  similar  in  its  properties,  but  altogether  different 
in  its  composition ;  it  is  ammomay  a  compound  of  nitrogen 
and  hydrogen.  Though  there  can  be  no  doubt  with  re- 
spect to  the  place  it  should  hold  among  the  salifiable 
bases,  yet,  considering  the  difference  in  its  composition. 
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it  ou^t  Dot>  if  we  wish  to  bring  substances  similarly 
constituted  into  the  same  class,  to  be  brought  in  with 
die  other  alkalies.  Nor  is  it  one  the  compounds  of 
which  are  in  every  respect  the  same  as  those  of  potassa 
and  soda ;  but  as  there  is  a  great  similarity  between  them, 
I  have  thought  proper  to  consider  it  along  with  them^ 
though,  had  I  adhered  strictly  to  the  arrangement  laid 
down,  I  ought  first  to  have  giren  the  properties  of  the 
oxidized  bases,  and  afterwards  those  of  ammonia,  as  being 
one  with  hydrogen.  The  utility  of  deviating  from  this, 
will,  I  think,  be  apparent 

The  substances  to  be  considered,  then,  under  this  head, 
tJtepoUusOj  soda,  and  ammonia. 

FOTASSA. 

Potassa,  called  also  vegetable  alkali,  as  generally 
obtained,  is  in  the  form  of  small  cylinders,  owing 
to  the  figure  of  the  mould  in  which  it  is  poured  when 
ihiid.  It  is  sometimes,  also,  in  small  thin  plates, 
having  been  thrown,  when  liquid,  on  a  flat  table  of 
metaL  It  is  occasionally  also,  though  rarely,  got 
crystallized,  the  crystals  being  tetrahedrons  or  octohe> 
diOBSy  and  which  contain  a  large  quantity  of  water.  It 
has  a  strong  disagreeable  taste,  and  is  very  corrosive. 
When  exposed  to  heat,  it  is  fused  at  about  S60,  and  wa- 
ter  is  expelled.  The  whole  is  not,  however,  driven  ofl^, 
as  has  been  proved  by  the  experiments  of  Darcet,  who 
eonduded,  that  even  after  fusion  it  contains  at  least  S7 
per  cent. 

The  experiments  of  other  chemists,  however,  have 
shewn  that  this  is  overrated.  It  is  now  allowed  to  be 
about  16  per  cent. ;  and  as  16  :  84  : :  11.S5  :  59»  so  near- 
ly 60,  that  it  may  be  considered  a  compound  of  an  atom 
ct  potass  and  of  water.  It  is  therefore  a  hydrate  of  pot- 
assa. When  exposed  to  the  air,  it  rapidly  attracts  mois- 
ture, and  becomes  fluid ;  at  the  same  time,  however,  it 
absorbs  carbonic  acid,  so  that  its  properties  are  complete- 
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Jy  changed,  and  hence  the  necessity  of  keeping  it  in  wdi- 
stopped  phials. 

Petassa  is  very  -soluble  in  water,  requiring  only  about 
tialf  its  weight  to  dissolve  it,  and  during  the  solution 
Jieat  is  emitted,  shewing  evidently  that  there  is  a  consi- 
derable condensation,  otherwise  there  must  have  been  a 
^generation  -of  cold,  owmg  to  the  change  of  form.  The 
solution  is  transparent  and  colourless,  and  changes  vege- 
hie  blues  to  green,  or  turmeric  infusion  to  brown.  By 
evaporation  the  potassa  can  be  obtained  in  its  solid  form, 
but  not  free  from  water.  It  has  been  already  mentioned, 
that  even  when  fused,  it  still  contains  16  per  cent.  The 
evaporation  of  the  solution,  with  the  view  of  procttring 
the  alkali,  must  be  conducted  in  metallic  vessels,  such  as 
those  of  silver  or  iron,  and  they  should  have  a  cover,  with 
a  small  aperture  to  allow  the  escape  of  vapour,  but  pre- 
vent the  admission  of  air,  and  the  consequent  idisorption 
of  carbonic  acid,  by  which  the  alkali  would  be  destroyed* 

The  action  of  potassa  with  some  of  the  substance^ 
alrettdy  described,  as  with  phosphorus,  sulj^ur,  chlorine^ 
iodine,  is  important,  as  by  it  very  interesting  colnpoundi 
are  formed ;  besides,  the  action  itself  is  peculiar,  and  hai 
given  rise  to  a  very  important  general  rule. 

When  phosphorus  is  heated  with  potassa,  or  when  il 
is  brought  in  contact  with  it  in  an  incandescent  tube, 
there  is  an  immediate  action,  and  a  substance  is  formed, 
which,  when  thrown  into  water,  gives  off  phospfauretted 
hydrogen  gas.  When  the  potassa  in  solution  is  boiled 
on  phosphoros,  phosphuretted  hydrogen  is  also  evolvedy 
the  oxigen  uniting  with  part  of  the  phosphorus,  to  form 
phosphoric  acid,  which  remains  in  thet^tort,  in  combina- 
tion with  the  potassa,  the  hydrogen  combining  with  the 
remainder  of  the  inflammable,  to  generate  the  gas  whidk 
18  disengaged.  Hence  a  toiethod  of  procuring  phospho- 
retted  hydrogen ;  but  it  is  not  so  good  as  that  in  which 
lime  is  used,  the  gas  coming  off  mcMi^  easily  with  the  lattnr. 

The  appearance  of  the  product  of  the  action  oF  potassa 
withiul]^ar,  varies  according  to  the  proportionB  employ-. 
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ed  IB  iti  preparation,  and  different  opinions  are  enter- 
tained with  respect  to  its  nature.     When  1  of  sulphur 
and  8  of  potass  are  mixed,  the  product  becomes  warm^ 
and  acquires  a  greenish  colour,  and  a  similar  substance 
is  formed,   when  2  of  sulphur  and  1  of  potass  are  heated 
in  a  covered  crucible.     These  have  by  some  been  consi- 
dered auJphurets  of  potaasay  while,  according  to  others, 
they  are  compounds  of  the  alkali  with  acids  of  sulphur, 
the  water  always  existing  in  the  potassa  having  und«% 
gdie  decomposition,  giving  oxigen  and  hydrogen  to  the 
sulphur  to  form  sulphuric  acid  and  super-sulphuretted 
hydrogen,  both  of  which  are  left  in  union  with  the  alkalL 
This  opinion  seems  confirmed  by  the  fact,  that  when  a 
base  similar  in  its  properties  to  potass,  but  which  can  be 
got  £pee  firom  water,  is  treated  in  the  same  way,  there  is  no 
action  between  it  and  the  sulphur ;  but  if  water  is  added^ 
a  oompound  resembling    that  with  potassa  is  formed. 
Besides^  if  we  consider  the  above  as  the  action,  it  is  simi<« 
lar  to  that  between  potassa  and  phosphorus ;  and  reason^, 
iag  finom  analogy,  we  should  expect  them  to  be  the  same. 
Sot  i^iosphorus  and  sulphur  belong  to  the  same  class. 
The  product  of  the  action  of  sulphur  and  potassa  will 
be  afterwards  described.      (See  Sulphureited  Hydny-SuU 
fkmret  qfPaUusa.) 

Similar  actions  take  place  with  chloriiie  and  iodine^ 
When  the  solution  of  potass  has  a  stream  of  the  former 
passed  through  it,  or  is  heated  with  the  powder  of  the 
latter,  there  is  a  decomposition  of  the  water,  the  oxigen 
udting  with  part  of  the  chlorine  or  iodine,  to  form  chlo- 
ric or  iodic  acid,  and  the  hydrogen  with  the  remainder, 
to  generate  hydro>chloric,  (muriatic,)  or  hydriodic  acid, 
bodi  of  which  are  left  in  union  with  the  alkali,  forming 
two  different  salts,  chlorates  or  iodates,  and  hydro-chlo- 
rates^ (muriates,)  or  hydriodates,  and  hence  a  method  of 
forming  some  of  these  compounds,  particularly  chlorates 
and  iodates.    (See  Chlorate  and  lodate  of  Potass.) 

From  what  has  now  been  said  of  the  action  of  metals 
tfid  thebr  bxids  with  the  simple  bodies  just  mentioned,  two 
very  important  general  laws  may  be  deduced :  1.  When 
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water  is  decomposed  by  phosphorus,  sulphur,  chlorine 
iodine,  and  a  metai^  that  is,  by  phosphurets,  sulphurets, 
chlorurets,  and  iodurets,  the  oxigen  unites  with  the  me* 
tal,  the  hydrogen  with  the  other  body.  2.  When  water 
is  decomposed  by  phosphorus,  sulphur,  chlorine,  iodine^ 
and  a  metallic  oxid,  both  the  oxigen  and  hydrogen  unite 
with  the  phosphorus,  sulphur,  chlorine,  or  iodine. 

In  the  first  instance,  with  the  exception  of  phosphu* 
rets,  we  have  hydr-acid  salts  formed,  as  hydro-sulphurets, 
hydro-chlorates,  and  hydriodates.  In  the  latter  also^ 
with  the  exception  of  phosphorus,  there  are  both  oxi- 
acid  and  hydr-acid  salts  generated.  In  the  case  of  phos- 
phorus, the  compound  of  it  and  hydrogen  not  being  an 
acid,  it  does  not  unite  with  the  alkali,  but  this  does  not 
in  the  least  affect  the  general  rules,  in  so  far  as  the  action 
on  the  water  and  the  other  bodies  is  concerned. 

By  the  union  of  potassa  with  the  acids  already  describ- 
ed, a  class  of  compounds  called  neutral  salts  is  formed, 
the  properties  of  which  will  be  afterwards  given. 

Potassa  is  no  where  found  in  its  pure  state.  It  exists, 
however,  in  many  minerals,  combined  with  other  bodies, 
and  also  in  vegetables,  from  which  it  is  generally  procur- 
ed by  burning  them,  and  dissolving  the  ashes.  As  thus 
obtained,  however,  it  is  in  the  state  of  carbonate,  from 
which  the  carbonic  acid  is  removed  by  lime.  (See  Car^ 
bonate  of  Potassa  and  Lime.) 

Potassa,  owing  to  its  powerful  affinity  for  water,  is 
employed  for  rendering  gases  dry,  for  which  purpose  the 
gas,  confined  over  mercury,  has  a  few  pieces  of  alkali 
put  into  it,  where  it  is  allowed  to  remain  for  some  hours. 
In  solution,  potassa  is  used  in  soap-making,  in  bleaching, 
and  in  the  manufacture  of  glass.  (See  OUs^  Lime^  Silica^} 


SonA. 

Soda,  or  the  rmneral  aOcaliy  as  it  is  sometimes  called, 
was  long  mistaken  for  potassa.  Duhamel,  in  1736,  first 
pointed  out  the  difference  between  them,  which  is  not  so 
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mudi  in  the  properties  of  the  alkaliea  themselves,  as  in 
tho0e  of  their  compounds. 

In  its  appearance,  taste,  action  with  air  and  with  wai- 
ter, it  is  similar  to  potassa.  When  fused,  it  contains  about 
fSti  per  cent  of  water,  or  an  atom  of  water  and  of  alkali. 

The  action  of  phosphorus,  sulphur,  chlorine,  and 
iodine,  with  soda,  is  the  same  as  with  potassa,  the  water 
undergoing  decomposition,  giving  both  of  its  ingredients 
to  the  phosphorus,  sulphur,  chlorine,  and  iodine,  and  in 
the  last  three  cases  fprming  acids  which  combine  with 
the  soda*  * 

Soda,  by  its  union  with  the  acids,  forms  salts,  and  it 
is  in  the  properties  of  these  that  the  distinction  between 
it  and  potassa  is  observed. 

Soda  is  not  found  in  its  native  state.  It  exists  in  com- 
bination in  some  minerals ;  but  by  far  its  most  produc- 
tive source  is  sea  salt,  in  which  it  exists  in  union  with 
muriatic  add.  In  rock  salt  also  it  is  in  a  similar  state 
of  combination,  and  from  both  of  these  it  is  procured. 
(See  Sea  Salt^  Kelp,  Barilla.) 

Soda  is  used  for  the  same  purposes  as  potass  ;  indeed 
it  is  in  general  preferred,  particularly  in  soap-making. 

Ammonia. 

The  two  alkalies  already  described  are  compounds  of 
metallic  bases  and  oxigen,  but  ammonia  is  altogether 
different  in  its  composition,  being,  as  will  be  immediate- 
ly proved,  a  compound  of  hydrogen  and  nitrogen. 

Ammonia,  volatile  alkali^  or  hartshomy  is  distinguish- 
ed from  the  preceding  by  its  volatility  ;  indeed,  at  a  na- 
tural temperature,  when  pure,  it  is  always  in  the  gase- 
ous form.  Though  the  alchemists  were  acquainted  with 
it  in  a  state  of  solution,  it  was  not  discovered  in  the  form 
of  gas  till  the  time  of  Priestley,  who  gave  it  the  name  of 
alkaline  air. 

It  is  a  transparent  and  colourless  gas,  possessing  the 
usual  mechanical  properties  of  aeriform  fluids.  It  has 
a  pungent  irritating  odour.     Its  sp.  gr.  according  to  the 
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experiments  of  Gay  Lussac,  is  596;  and  100  cubic  inches 
weigh  18.17  gr.  It  is  unfit  for  the  support  of  respi**. 
ration  and  combustion.  When  subjected  to  strong  pres- 
sure, or  to  a  cold  of  — 56,  it  lays  aside  the  gaseous  form^ 
and  becomes  a  colourless  fluid,  which  evaporates  at  60, 
even  though  kept  under  the  pressure  by  which  it  was 
condensed. 

When  subjected  to  a  high  temperature,  it  is  deoom^ 
posed,  and  resolved  into  its  component  parts,  hydrogea 
and  nitrogen.  This  is  easily  efiected  by  putting  the  ad^ 
lution  of  the  alkali  in  water,  into  a  retort,  (Ctlty  p.  188.J 
to  which  an  earthenware  tube  is  attached,  and  passed 
through  a  chaufier  to  bring  it  to  a  red  heat,  the  opposite 
end  of  the  tube  being  made  to  terminate  in  a  water 
trough.  On  applying  a  slight  heat  to  the  retort,  the 
ammonia  is  expelled,  and  passing  through  the  tube,  it 
gives  ofi*  a  gaseous  matter,  which  may  be  collected  in 
the  jar.  It  is  evident  that  this  is  not  the  watery  yapour 
from  the  solution,  otherwise  it  would  have  been  condemk 
ed  the  moment  it  came  in  contact  with  the  fluid  in  the 
trough.  That  it  contains  hydrogen,  is  shewn  by  its  in- 
flammability, and  during  its  combustion  generating  wa^ 
ter.  Or  if  it  be  mixed  with  oxigen,  and  an  electric 
spark  passed  through  it,  it  explodes,  water  is  formed^ 
and  a  gas  is  left  which  does  not  support  combustion,  and. 
does  not  render  lime-water  turbid,  and  is  therefore  ni- 
trogen. 

Ammonia  is  also  resolved  into  its  component  parts  by 
means  of  electricity.  When  the  gas  is  put  into  a  tube 
over  mercury,  and  electric  sparks  are  for  some  time  pass- 
ed through  it,  it  gradually  enlarges,  till  at  last  it  be* 
comes  of  double  its  original  bulk,  after  which  there  is  n6 
farther  enlargement.  On  firing  the  product  with  oxigen 
by  electricity,  f  are  found  to  be  hydrogen,  the  remain- 
ing \  nitrogen.  It  has  been  proved  also  by  Henrys 
that  if  ammonia  gas  be  fired  repeatedly  with  small  quan- 
tities of  oxigen,  water  and  nitrogen  are  the  result. 

It    has   been    attempted,    but    without    success,    to 
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eause  hydrogen  aad  nitrogen  to  unite  to  form  am- 
monifty  lo  aB  to  prove  its  composition  synthetically. 
Ify  however,  they  be  presented  to  each  other,  when 
one  or  both  is  nascent,  ammonia  is  formed,  as  has 
been  proved  by  the  experiments  of  Dr  Austin.  He 
found  that,  when  a  jar  of  nitrogen  was  kept  over 
mercury,  having  moistened  iron  filings  on  its  surface, 
ammonia  was  formed,  the  oxigen  of  the  fluid  having 
eombited  with  iron,  and  set  free  hydrogen,  which  must, 
viftcn  nascent,  have  united  with  the  nitrogen.  Again,  if 
tin  lie  put  into  much  diluted  nitric  acid,  it  takes  oxigen 
both  from  the  acid  and  water,  so  that  there  is  a  gra- 
dual disengagement  of  hydrogen  from  the  latter,  and 
ft  mkregen  from  the  former,  which  uniting,  generate 
ammonia,  but  as  it  is  left  in  union  with  part  of  the  acid, 
it  is  necessary  to  add  lime,  by  which  it  is  liberated,  evinc- 
ing itself  hy  its  smell.  All  of  these  experiments  prove  that 
hydrogen  and  nitrogen  are  its  ingredients,  and  the  de- 
oompoflition  by  electricity,  shews  that  it  contains  1  o£ 
nitrogen,  and  3  of  hydrogen,  condensed  into  2.  If  so, 
the  proportions  by  weight  must  be 

sp.  gr-  of  hyd.  x  3  =  208  +  sp.  gr.  of  nitr.  972  ; 
and  as  972 :  208  :  :17.5  :  3.71, 
and  3^1  =  1.23; 
8 
so  that  we  may  consider  it  a  compound  of 

1  atom  of  nitrogen,  17.5 

S  Atoms  of  hydrogen,  3.75 


its  atomic  weight  being    21.25 
Its  compositions  may  also  be  stated  to  be 

Vote.  Vol*. 

,     ,  ®^  '  ^     >  condensed  into  2 ; 

hydrogen,  3    j 

and  if  eo,  its  specific  gravity  must  be 

972  +  (69  X  3)  _  ggo^ 

the  number  given  by  Thomson. 

After  Davy  had  discovered  the  compound  nature  of 
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potassa  and  soda,  he  was  led  by  analogy  to  infer,  that, 
like  them,  ammonia  might  contain  a  metallic  substance 
as  one  of  its  ingredients.  It  was  found  that  when  mer- 
cury,  in  contact  with  ammonia,  was  subjected  to  the  in- 
fluence of  galvanism,  it  enlarged,  and  became  of  a  thick- 
ish  consistence,  but  it  still  retained  its  metallic  lustre; 
and  the  same  results  were  obtained  by  using  an  ammo- 
niacal  salt  instead  of  the  pure  alkali.  When  also  potas- 
sium and  mercury  were  placed  on  a  salt  of  ammonia,  and 
touched  with  water,  similar  appearances  were  preseqted, 
the  mercury  becoming  several  times  its  original  volume, 
and  of  the  consistence  of  butter.  These  changes  are  the 
same  as  those  effected  on  mercury  by  another  metal,  and 
hence  it  was  supposed  that  it  had  acquired  a  metallic 
matter  from  the  ammonia.  When  the  amalgam  was  ex- 
posed to  air,  or  put  into  water,  ammonia  was  produced, 
in  the  former  instance  oxigen  being  absorbed,  and  in  the 
latter  hydrogen  disengaged,  the  metallic  base  supposed 
to  be  in  union  with  the  mercury,  having,  it  was  imagin- 
ed, united  with  oxigen,  either  from  the  air  or  from  the 
water,  to  produce  the  alkali.  These  experiments  have 
induced  some  to  imagine  that  ammonia  is  a  compound  of 
a  metallic  base  and  oxigen,  and  therefore  similar  in  its 
constitution  to  potassa  and  soda ;  but  Gay  Lussac  and 
Thenard  have  given  a  different  view  of  the  subject. 
They  suppose  that  the  amalgam  is  a  compound  of  mer- 
cury, ammonia,  and  hydrogen,  the  last  derived  from  the 
decomposition  of  the  water  with  which  the  salt  is  touch- 
ed to  cause  the  action  to  go  on ;  hence,  when  exposed  to 
air,  or  put  into  water,  there  is  the  evolution  of  ammonia 
and  of  hydrogen,  the  ammonia  in  the  latter  case  being 
left  in  union  with  the  fluid. 

Though  chemists  are  as  yet  undecided  with  respect  to 
the  nature  of  the  amalgam,  there  can  be  no  doubt,  from 
what  has  been  already  said,  that  ammonia  is  composed 
of  hydrogen  and  of  nitrogen  ;  so  that,  if  it  does  contain  a 
metallic  base,  it  must  exist  as  an  ingredient  of  one  or 
both  of  these ;  but  all  attempts  to  procure  it  in  its  sepa- 
rate state  have  failed. 
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Ammonia  has  a  powerful  affinity  for  water,  being  ab- 
sorbed bj  it  with  great  avidity.  If,  for  instance,  the 
stopper  of  a  tall  bottle  full  of  it  be  withdrawn  under 
water,  the  fluid  is  thrown  up  with  great  rapidity,  or  if  a 
few  drops  of  water  be  admitted  into  a  jar  of  it,  standing 
over  mercury,  there  is  an  immediate  absorption,  and  the 
fluid  thus  becomes  saturated  with  the  gas.  The  solution 
formed  is  transparent  and  colourless,  has  a  sharp  pun- 
gent taste,  and  is  very  stimulant  to  the  animal  frame.  It 
has  the  odour  of  the  gas,  and  changes  vegetable  blues  to 
green.  Hence,  if,  in  the  experiments  just  mentioned, 
cabbage  infusion^  instead  of  pure  water,  be  employed,  the 
fluid,  as  it  flows  into  the  bottle,  becomes  green. 

At  50,  according  to  Davy,  water  takes  up  670  times  its 
bulk  of  gas,  the  sp.  gr.  becoming  875,  while,  according 
to  Thomson,  the  quantity  absorbed  is  not  less  than  780. 
The  solution  congeals  at  — 58,  and  by  the  application  of 
heat,  gives  off  the  whole  of  its  gas,  and  hence  a  method 
of  procuring  it,  though  it  is  not  one  that  is  much  prac- 
tised, as  it  comes  off  loaded  with  moisture.  If  it  is  wish- 
ed to  prepare  it  in  this  way,  all  that  is  necessary  is  to  put 
a  little  of  the  solution  into  a  retort,  apply  the  heat  of 
a  spirit  lamp,  and  collect  the  gas  over  mercury.  If, 
after  procuring  it,  it  is  required  free  from  moisture,  we 
have  merely  to  put  in  a  few  pieces  of  potassa  or  lime, 
and  leave  them  for  some  time. 

The  solution  of  ammonia  also  loses  its  alkali  by  expo- 
sure to  air,  the  greater  part  of  it  flying  off,  and  hence 
the  necessity  of  keeping  it  in  well-stopped  phials. 

Ammonia  is  peculiar  in  its  actions  with  some  of  the 
simple  bodies  already  described.  When,  for  instance,  a 
bottle  of  chlorine  gas  is  placed  on  one  full  of  ammonia, 
there  is  an  immediate  condensation,  accompanied  with  the 
evolution  of  heat  and  light,  and  the  formation  of  a  white 
powder,  a  compound  of  ammonia  and  muriatic  acid. 
In  this  instance,  there  is  a  decomposition  of  part  of  the 
ammonia,  the  hydrogen  of  which  unites  with  the  chlo- 
rine to  form  muriatic  acid,  setting  the  nitrogen  at  liberty. 
The  acid  thus  formed  then  enters  into  union  with  the  re- 
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mainder  of  the  alkali,  and  produces  the  salt  called  muri- 
ate of  ammonia.  The  proper  proportions  for  the  experi- 
ment are,  1  of  ammonia  to  3  of  chlorine.  With  the  aque- 
ous solution  of  ammonia,  however,  the  action  is  different. 
When  chlorine  is  exposed  to  it,  the  whole  of  the  alka- 
li is  decomposed,  both  of  it&  ingredients  uniting  with- 
it,  forming  muriatic  acid  and  ohlorid  of  nitrogen^  andt 
hence  a  method  of  preparing  the  latter,  tbough  it  is*  sAt 
dom  practised,  a  solution  of  an  ammoniacal  salt  answering 
better.  (See  p.  262.) 

The  action  with  iodine  is  exactly  the  same,  when  a: 
little  of  it  is  thrown  into  solution  of  ammonia,  iodid  at- 
nitrogen  is  produced,  and  hence  the  method  by  which 
this  is  prepared.  (Seep.  272.) 

Ammonia  unites  with  the  acids,  and  {ovms  neutrcdsaU^^ 
with  the  exception  of  those  having  carbonic  acid,  the  GonK 
pounds  with  it  still  retaining  alkaline  properties. 

Ammonia  is  not  found  any  where  in  a  state  of  purity* 
rt  has  been  detected  in  some  varieties  of  lava,  and  also 
in  basaltic  rock,  from  which  it  may  be  procured  by  dis* 
tillation.    Ammonia,  or  rather  the  compounds  into  wbick 
it  enters,   are  generally  attained  by  the  decomposition  oi- 
animal  matter,  which,  besides  it  elements  hydrogen  and- 
nitrogen,  contains  also  carbon  and  oxigen.     This  is  done 
merely  by  subjecting  it  to  a  strong  heat  in  retorts,  by 
which  the  hydrogen  and  nitrogen  unite  to  form  ammo* 
nia,  while  the  hydrogen  and  oxigen,  and  oxigen  and  car- 
bon, form  water  and  carbonic  acid,   and  by  causing  the 
ammoniacal  gas,   as  it  comes  off,   to  meet  with  acid  va* 
pours,  they  unite  and  form  compound  salts,  and  it  is  by 
the  decomposition  of  these,  chiefly  by  lime,  that  ammo- 
nia in  a  state  of  purity  is  procured.   (See  Muriate  ofAm^ 
monia  and  Lime.) 

Ammonia  is  used  in  medicine,  in  the  state  of  solution ; 
internally  as  a  stimulant,  externally  either  alone  or  in 
union  with  oils,  as  a  rubefacient.  It  is  administered 
also  in  the  gaseous  form,  in  cases  of  syncope,  as  a  stimu- 
lant to  the  olfactory  nerves. 


SECTION  VIII. 


ALKALINE  SALTS. 


Nitrates. 
Nitrate  ofPotassa. 

• 

Nitrate  of  Potassa,  commonly  called  nitre  or  scXi- 
petrej  is  generally  obtained  in  the  form  of  six-sided  pris- 
matic crystals,  terminated  by  six-sided  pyramids,  but  it 
is  occasionally  in  dodecahedrons,  or  two  six-sided  pyra- 
mids, joined  by  their  bases,  the  specific  gravity  of  which 
is  1988. 

Different  statements  have  been  given  of  its  composi- 
tion, but  later  experimenters  agree  that  it  is  composed 
<^  about 

nitric  acid,         53.5 

potassa,  46.5 

So  that  it  does  not  contain  any  water  of  crystallization, 
though  there  is  occasionally  a  little  present,  but  this  is 
extraneous,  and  must  be  considered  as  merely  blended 
with  the  particles,  having  been  taken  along  with  them 
during  their  deposition  from  solution. 

Now  as  53.5  :  46.5  :  :  67.5  :  58.6 
so  nearly  60,  that  we  may  consider  it  composed  of 

1  atom  acid,         67.5 

1  atom  potassa,    60. 


its  atomic  weight  being         127.5 


884  NITRATES. 

Nitre  is  easily  fused  by  heat,  and  becomes  a  transpa- 
rent limpid  fluid ;  which,  if  the  high  temperature  be  con- 
tinued, gives  ofi^  a  gaseous  substance,  composed  of  oxigen 
and  nitrogen,  but  with  the  former  in  largest  proportion  ; 
indeed,  so  much  so,  that  it  may  be  used  for  many  of  the 
purposes  to  which  oxigen  gas  is  applied.  An  ounce  of 
salt  yields  from  700  to  800  cubic  inches.  There  remains 
in  the  crucible  the  potassa,  but  with  deficiency  of  acid, 
so  that  the  elastic  fluid  is  formed  by  the  decomposition 
of  part  of  it. 

Nitre  is  soluble  in  water,  requiring  about  7  parts  at 
60,  but  at  a  boiling  heat  only  its  own  weight,  for  solu- 
tion ;  and  from  this,  as  the  temperature  falls,  crystals 
may  be  obtained.  During  the  solution  there  is  a  genenu 
tion  of  cold ;  and  hence  the  frequent  use  of  nitre,  parti- 
cularly in  India,  for  reducing  the  temperature  of  bodies^ 
as  wine, — and  in  the  preparation  of  ice,  as  in  cooling  the 
water  which  is  to  be  exposed  during  evening,  in  the  pa- 
rous earthenware  dishes. 

Nitre  acts  very  powerfully  with  inflammables,  the  ac- 
tion being  peculiar,  and  attended  with  particular  pheno- 
mena. When  charcoal,  or  sulphur,  is  thrown  into  it, 
previously  melted  in  a  crucible,  it  bums  with  great  spleD" 
dour,  accompanied  occasionally  with  slight  explosions. 
This  is  called  deflagration.  The  rapidity  of  the  com- 
bustion depends  on  the  ease  with  which  the  nitre  parts 
with  its  oxigen  to  the  inflammable ;  of  course,  the  pro- 
duct difiers  according  to  the  substance  presented  to  it ; 
but  in  all,  the  inflammable  is  acidified,  by  its  uniting 
with  the  oxigen  of  the  nitric  acid,  which  is  thus  destroy- 
ed, while  that  acid  formed  is  left  in  combination  with 
the  potassa.  Thus,  when  pieces  of  charcoal  are  thrown 
into  melted  nitre,  the  latter  is  converted  to  carbonate  of 
potass,  or  if  sulphur  be  employed,  sulphate  of  potassa  is 
the  product.  When  nitre  is  more  intimately  blended  with 
the  inflammables,  the  combustion  is  more  rapid,  and,  if 
efiected  in  a  close  vessel,  is  accompanied  with  explosion, 
the  loudness  of  which  depends  on  the  quantity  of   the 
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mixture,  and  the  vessel  in  which  it  is  exploded.  From 
this  property  of  nitre,  it  is  employed  in  the  preparation 
of  signal-lights  and  matches,  and  it  is  also  one  of  the  in- 
gredients of  gunpowder. 

The  discoverer  of  gunpowder  is  not  known.  It  is  men- 
tioned in  the  works  of  an  author  who  wrote  in  the  latter 
part  of  the  13th  century,  and  it  appears  to  have  been 
used  in  the  beginning  of  the  14th  by  Edward  III.  in 
his  first  attack  against  the  Scots  in  13^7.  It  was  also 
employed  at  the  siege  of  Calais  in  1346. 

The  materials  used  in  its  preparation  are,  nitre,  char- 
coal, and  sulphur,  the  proportions  of  which  vary  in  dif- 
ferent places.  In  general,  they  are  about  75  of  nitre,  15 
of  sulphur,  and  10  of  charcoal.  These  must  be  all  quite 
pure,  otherwise  the  strength  of  the  powder  is  diminish- 
ed ;  accordingly,  the  nitre  is  always  purified  by  solution 
and  crystallization.  For  this  purpose,  it  is  dissolved  in 
boiling  water,  and  poured  into  large  copper  vessels,  in 
which  it  deposits  crystals.  These  are  again  dissolved 
and  crystallized,  and  even  in  some  cases  the  process  is 
repeated  a  third  time,  by  which  the  whole  of  the  impu- 
rities are  removed,  and  which  impart  to  it  deliquescent 
properties,  or  the  power  of  absorbing  moisture  from  air. 
After  this,  it  is  fused  in  iron  pots,  so  as  to  drive  off  any 
adhering  moisture.  The  sulphur  employed  is  generally 
that  brought  from  Italy  and  Sicily.  It  is  also  puri- 
fied, by  fusing  it,  and  allowing  it  to  cool  gradually, 
by  which  the  earthy  impurities  fall  to  the  bottom. 
From  this,  when  solid,  it  is  removed,  and  sometimes 
again  submitted  to  a  similar  process.  The  charcoal  is 
prepared  by  subjecting  wood  to  a  strong  heat  in  cast-iron 
cylinders,  in  which  it  remains  till  it  becomes  cold,  and 
it  is  in  general  kept  in  boxes  till  required.  The  lighter 
woods  are  usually  preferred,  such  as  alder  and  dog- 
wood, and  they  are  always  freed  of  the  bark  before  being 
charred. 

The  ingredients  are  first  ground  to  powder  separately, 
and  then  mixc*.l  in  the  proportions  mentioned,  after  which 
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they  are  more  intimately  blended,  by  means  of  iron  roll- 
ers, the  mixture  being  kept  constantly  moist,  to  prevent 
.explosion,  and  the  quantity  not  exceeding  about  50  pounds 
under  each  roller.     After  the  materials  are  properly  in- 
corporated, the  mixture  is  subjected  to  the  process  of  com- 
ing^  by  which  it  is  reduced  to  grains.     This  is  done  by 
pressing  the  paste  into  small  pieces,  which  are  placed  in 
circular  boxes,  with  parchment  bottoms,  perforated  with 
holes  of  different  sizes,  according  to  the  required  size  of 
the  grains,  and  in  which,  also,  there  is  a  block  of  hard 
wood.     These  are  connected  with  a  wheel,  by  which  they 
are  moved  in  a  horizontal  direction,  and,  by  the  action  of 
the  block,  the  paste  is  reduced  to  grains,  and  passes 
through  into  boxes  placed  beneath  for  their  reception. 
After  this  they  are  glazed^  by  putting  them  into  barrels, 
revolved  by  machinery,  in  which,  by  the  constant  friction 
against  each  other,  their  surface  is  hardened,  and  they 
acquire  a  fine  gloss,  which,  though  it  diminishes  a  little 
the  strength  of  the  powder,  yet  renders  it  less  liable  to 
be  injured  by  moisture.     The  next  part  of  the  process  is 
the  dryings  which  is  done  in  different  ways  in  different 
manufactories.      In  general,  the  powder  is  placed   on 
shelves,  in  a  small  brick  house,    through   which   there 
passes  the  vent  of  a  furnace,  or  into  which  a  cylinder  of 
iron  projects,  kept  constantly  red  hot  by  means  of  a 
fire  without  the  building.     A  method  of  drying  gun- 
powder by  steam  has  been  lately  practised,    in  which 
there  is  no  danger  whatever,  as  the  temperature  in  this 
way  cannot  go  beyond  212,  (See  page  81. J  ;    but  it  is 
said  not  to  dry  it  so  uniformly  as  the  other,  and  is  there- 
fore not  much  practised.     It  consists  merely  in  placing 
the  powder  on  boxes,  kept  constantly  full  of  steam,  the 
condensed  vapour  escaping  from  the  box,  by  a  tube  ter- 
minating without  the  building.     After  the  whole  of  the 
moisture  is  expelled,  the  powder  is  put  into  casks,  keep- 
ing it  as  much  as  possible  excluded  from  the  air,  parti- 
cularly if  moist,  for  when  much  exposed,  it  absorbs  mois- 
ture ;  and  as  the  nitre  is  the  only  soluble  ingredient,  a 
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part  of  it  is  thus  apt  to  be  removed,  by  which  the  powder 
is  destroyed. 

In  the  preparation  of  gunpowder,  the  more  minutely 
the  materials  are  ground,  and  the  more  intimately  they 
are  mixed,  the  greater  is  the  explosive  power  of  the  pow- 
der. The  strength  also  depends  in  a  great  measure  on 
the  drying ;  for  when  too  much  heat  has  been  applied, 
part  of  the  sulphur  is  driven  off ;  besides,  a  hard  crust 
is  formed  on  the  surface,  which  prevents  the  moisture 
escaping  from  the  inner  parts.  When  well  prepared,  the 
powder,  when  exploded  on  a  piece  of  paper,  ought  to 
leave  little  or  no  residuum,  the  whole  of  the  ingredients 
entering  into  a  new  state  of  combination,  and  generating 
products,  which  are  given  oiF  in  the  form  of  gas.  If  any 
particles  remain  on  the  paper,  it  shews  either  that  the 
ingredients  have  not  been  pure,  or  not  in  proper  pro- 
pc^on. 

When  gunpowder  is  heated,  the  action  is  owing  to  the 
ease  with  which  the  nitre  parts  with  oxigen  to  the  inflam- 
mables, the  sulphur  and  carbon  combining  with  it  to  form 
carbcHiic,  and  sulphuric  or  sulphurous  acids,  while  the  acid 
of  the  nitre,  by  losing  part  of  its  oxigen,  forms  nitric 
oxid,  the  generation  of  all  of  which  is  the  cause  of  the 
explosion ;  at  the  same  time,  the  water  in  the  powder 
undergoing  decomposition,  affords  hydrogen  to  part  of 
the  sulphur,  and  generates  sulphuretted  hydrogen,  which 
gives  rise  to  the  offensive  smell.  That  a  large  quantity 
of  aeriform  matter  is  given  off^  by  gunpowder,  is  easily 
shewn,  by  putting  a  little  of  it  moistened  into  a  tin  tube, 
kindling  it,  and  then  plunging  it  quickly  under  the  mouth 
of  a  jar,  inverted  on  a  water  trough,  keeping  the  mouth 
of  the  tube  down.  As  the  powder  is  moistened,  it  docs 
not  explode,  but  is  slowly  consumed,  and  gas  arises  into 
the  jar,  which,  when  cold,  occupies  about  250  times  the 
volume  of  the  powder  itself;  but  the  heat  evolved  dur- 
ing the  action  is  supposed  to  expand  it  to  1000;  and  as 
each  volume  exerts  the  same  pressure  as  the  atmosphere, 
15  pounds  on  the  square  inch,  we  have  t)ius  the  pressure 
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of  1000  atmospheres,  so  that  its  expansive  force  is  15,000 
pounds,  by  which  a  ball  is  propelled  from  a  gun  with  a 
velocity  of  about  2000  feet  in  a  second.  The  strength  of 
different  kinds  of  powder  varies,  however,  considerably, 
and  hence  it  is  that  each  sample  is  tried  before  it  is  pur- 
chased by  government ;  which  is  done  by  ascertaining 
the  distance  to  which  it  sends  a  ball,  using  the  same  gun, 
similar  b^Us,  and  the  same  weight  of  powder,  in  all  the 
trials. 

Nitrate  of  potassa  is  also  employed  in  the  preparation 
of  signal-lights  and  matches.  The  portfire  of  artillery- 
men is  a  mixture  of  60  of  nitre,  40  of  sulphur,  and  20 
of  gunpowder,  the  materials  being  made  into  a  paste, 
and  stuffed  into  cylinders  of  paper.  Signal  lights  are 
mixtures  of  nitre  and  sulphur,  with  a  little  metallic  mat- 
ter, that  communicates  to  the  flame  a  peculiar  colour. 
The  white  light  is  composed  of  6  of  nitre,  and  2  of  sul- 
phur, to  which  is  added  1  of  orpiment,  or  yellow  arsenic ; 
and  the  blue  light  consists  of  the  same  proportions  of 
nitre  and  sulphur,  with  S  of  crude  antimony. 

The  action  between  nitre  and  some  of  the  acids,  par- 
ticularly sulphuric,  is  important,  as  by  it  we  can  decom- 
pose it  and  procure  its  acid,  the  affinity  between  the  al- 
kali and  the  sulphuric  being  more  powerful  than  that  be- 
tween it  and  the  one  with  which  it  is  united.  Hence  the 
mode  of  preparing  both  nitrous  and  nitric  acid,  the  first 
of  which  is  usually  procured  by  the  decomposition  of  the 
nitre,  and  from  it  the  latter  can  be  easily  obtained. 

Different    proportions   of    acid    and   nitre  have  been 
recommended,  with  the  view  of  procuring  nitrous  acid. 
Those  given  by  the  Edinburgh  Pharmacopoeia  are. 
Nitrate  of  potass,  bruised,  two  pounds ; 
Sulphuric  acid,  sixteen  ounces. 

Having  put  the  nitre  into  a  retort,  and  adapted  a  re- 
ceiver, which  must  be  kept  open  and  cooled  in  the  usual 
way,  heat  is  to  be  applied,  and  continued  as  long  as  acid 
fumes  come  over  ;  after  which,  having  removed  the  heat, 
the  retort  is  to  be  allowed  to  cool  gradually,  to  prevent  it 
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from  cracking.  What  remains  in  it  is  the  compound 
formed  by  the  union  of  the  sulphuric  acid  and  potassa, 
and,  as  it  is  but  sparingly  soluble,  it  requires  to  have 
warm  water  poured  on  it  repeatedly,  and  left  on  several 
days  each  time,  so  as  to  wash  it  out. 

The  colour  of  the  acid  in  the  receiver  depends  in  a 
great  measure  on  the  heat;  thatwhich  comes  first  over  being 
pale  yellow,  and  of  great  specific  gravity,  but  it  gradual- 
ly becomes  darker  and  of  less  density  as  the  distillation 
proceeds ;  the  specific  gravity  of  the  product  is  in  ge- 
neral 1520. 

The  above  is  the  method  of  conducting  the  process  on 
a  small  scale.  If  larger  apparatus  be  used,  it  is  necessary 
to  apply  the  heat  through  the  medium  of  a  furnace  and 
sand-bath,  keeping  the  receiver  cool  by  a  stream  of  wa- 
ter from  a  cistern,  from  which  there  hang  some  worsted 
threads  to  draw  it  off,  drop  by  drop. 

In  the  decomposition  of  nitre  by  oil  of  vitriol,  the 
sulphuric  acid  unites  with  the  potassa,  while  the  nitric 
acid  is  disengaged,  but  at  the  same  time,  probably 
owing  to  the  high  temperature  at  which  the  action 
is  going  on,  is  decomposed,  a  part  of  its  oxigen  being 
expelled,  and  it  is  thus  converted  to  nitrous  acid, 
which  is  condensed  in  the  receiver  along  with  the 
water  of  the  oil  of  vitriol ;  the  oxigen  escapes  in  the 
gaseous  form,  and  hence  the  necessity  of  keeping  the 
mouth  of  the  receiver  loosely  adapted  to  the  neck  of 
the  retort.  If,  instead  of  a  common  receiver,  a  tubulated 
one  be  employed,  and  the  tube  carried  under  a  jar  in  a 
water  trough,  the  elastic  fluid  may  be  collected,  and  is 
found  to  be  pure  oxigen. 

The  acid  tlius  obtained  by  the  decomposition  of  nitre 
is  not  pure  nitrous  acid,  it  almost  always  contains  a  little 
muriatic  and  sulphuric  acid  ;  the  former  derived  from 
searsalt  existing  in  the  nitre,  the  latter  from  part  of  the 
oil  of  vitriol  being  distilled  over.  It  is  suflSciently  pure, 
however,  for  most  purposes,  but  when  required  free 
from  foreign  admixture,  the  nitre  ought  to  be  purified 
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by  repeated  crystallization,  and  the  acid  obtained  must 
be  redistilled  along  with  a  little  of  the  compound  called 
nitrate  of  lead,  the  metal  of  which  retains  the  foreign 
acids,  and  allows  the  nitrous  acid  to  come  o£P  pure. 

It  has  been  mentioned,  that  the  colour  of  the  product 
depends,  in  a  great  measure,  on  the  temperature  and  pro- 
portions employed.  It  must  not,  however,  from  this  be 
supposed  that  there  is  a  variety  of  nitrous  acids ;  the 
difference  in  the  colour  is  occasioned  by  an  admixture  of 
nitric  acid  which  has  escaped  decomposition,  and  which^ 
being  colourless,  the  more  there  is  of  it,  the  colour  of 
the  nitrous  acid  becomes  paler. 

Nitrous  acid,  as  thus  obtained,  is  easily  decomposed 
by  heat,  and  converted  to  nitric  acid  ;  and  hence  a  me- 
thod of  procuring  it.  For  this  purpose  any  quantity  of 
nitrous  acid  is  put  into  a  retort,  (using  the  same  appara- 
tus as  in  the  former  experiment,)  and  a  very  slight  heat 
applied,  which  must  be  kept  up  till  the  liquid  becomes 
colourless.  In  this  process,  the  acid  is  gradually  de- 
composed ;  nitric  oxid  being  disengaged,  and  nitric  acid 
left  in  the  retort,  so  that  one  part  must  deprive  the 
other  of  oxigen,  that  gaining  it  becoming  nitric  acid ; 
the  other,  which  has  lost  it,  nitric  oxid.  The  gas, 
liberated  instantly,  unites  with  the  oxigen  of  the  air 
in  the  apparatus,  and  forms  nitrous  acid,  which  is 
condensed  in  the  receiver;  and  hence  the  necessity  of 
keeping  it  cool,  and  having  the  mouth  open  to  admit  at* 
mospheric  air. 

If  a  larger  proportion  of  oil  of  vitriol  than  that  order- 
ed in  the  Edinburgh  Pharmacopoeia  be  employed,  the 
acid  is  paler ;  indeed,  so  much  so,  that  by  the  London 
College  it  is  called  nitric  ;  and  hence  the  process  ordered 
by  them  for  procuring  this  acid,  which  consists  in  em- 
ploying equal  weights  of  oil  of  vitriol  and  nitre  ;  and  the 
reason  for  using  this  excess  of  acid  is,  that  a  sufBciont 
quantity  of  water  be  afforded  to  the  nitric  acid  that 
comes  off. 

Nitrate  of  potass  consists  of 
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1  atom  of  nitric  acid    67.5  )  __  1 07  5  . 
1  atom  of  potass  60     ) 

oil  of  yitriol  consists  of 

1  atom  of  sulph.  acid  50       1  =  61  25  • 
1  atom  of  water  11.25  j 

but  1  atom  of  nitric  acid 

requires     2  atoms  of  water 
to  form      1  atom  of  liquid  acid  ; 
fo  that  unless  2  atoms  of  oil  of  vitriol  (=  122.5)  have 
been  onployed,  the  whole  of  it  cannot  be  disengaged 
from  the  nitre,  and  consequently  all  the  salt  is  not  decom- 
posed.    From  this  it  is  evident  that,  using  the  proportions 
ordered  by  the  London  College,  the  products,  provided 
there  is  no  decomposition  of  the  nitric  acid  itself,  should 
be 
1  atom  nitric  acid     67.5  )       ^  ^^^^  jj     i^  ^i ^    qq 
S  atoms  water  22.5  )  ^ 

1  atom  potassa         60     )  _.  -1    *       bisulphatc  1  i  gQ 
S  atoms  sulph.  acid  100     j  of  potassa  ) 

«.  It  is  almost  impossible,  however,  to  get  the  nitric  acid 
iff  without  decomposing  part  of  it,  and  hence  it  is  that  it 
is  always  coloured  from  the  presence  of  nitrous  acid,  and 
by  which  there  is,  of  course,  a  loss ;  but  this  is  much 
less  than  when  the  process  of  the  Edinburgh  Pharmaco- 
poeia is  followed,  for,  from  the  small  quantity  of  oil  of 
vitriol  used,  the  whole  of  the  nitre  is  not  decomposed ; 
but  this,  it  is  supposed,  is  compensated  by  the  residue 
in  the  retort  being  more  easily  washed  out,  and  by 
there  being  less  risk  of  any  of  the  sulphuric  coming  over 
with  the  nitric  acid.  Of  course,  in  this  process,  bisul- 
pbate  of  potass  is  also  formed,  for  each  atom  of  nitric 
add  set  free  must  have  2  of  water,  and  by  which  2  of 
sulphuric  acid  are  to  unite  with  the  potassa  disengaged 
from  the  nitre. 

It  has  been  already  mentioned,  (see  p.  292.  J  that  ni- 
trouB  acid  fumes  are  employed  with  great  efficacy  in  dis* 
arming  contagious  effluvia  of  tlieir  virulence  ;  and  hence 
their  use  in  purifying  apartments  in  which  sick  have  been 
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confined,  and  in  preventing  contagion.  The  ease  with 
which  nitre  is  decomposed  by  sulphuric  acid,  affords  a 
means  for  procuring  the  acid  vapour.  For  this  purpose, 
a  little  oil  of  vitriol  is  placed  in  a  tea-cup,  which  is  to  be 
heated  in  a  ladle  with  sand,  taking  care  not  to  raise  the 
temperature  so  far  as  to  make  it  give  off  fumes.  Some 
nitre  is  then  to  be  thrown  in,  by  which  the  sulphuric  acid 
unites  with  the  potassa,  and  the  nitrous  acid  vapour  is 
disengaged.  If  the  room  is  large,  several  cups  may  be 
placed  in  different  parts  of  it,  or  the  ladle  may  be  car- 
ried from  one  part  to  another. 

Nitrate  of  potass  is  not  decomposed  by  any  of  the 
other  acids. 

Nitre  is  a  native  production.  It  is  found  in  the  stems 
of  some  plants^  as  tobacco.  It  exists  also  in  several  mi- 
nerals, and  in  the  soil  of  some  countries,  as  Hungary, 
Spain,  South  America,  East  Indies,  and  China,  from 
which  it  is  obtained  by  lixiviation  and  evaporation,  af- 
fording what  is  called  rough  nitre^  from  which  it  is  ob- 
tained pure  by  solution  and  crystallization. 

Nitre,  as  has  been  already  explained,  is  used  in  the 
preparation  of  gunpowder,  signal  lights,  and  nitrous  and 
nitric  acids.  It  is  employed,  also,  in  the  manufacture  of 
oil  of  vitriol. 

When  sulphur  burns  slowly  in  air,  sulphurous  acid  is 
formed  ;  but  when  it  is  mixed  with  a  little  nitre,  the 
combustion  is  more  lively,  and  sulphuric  acid  is  the  pro- 
duct. To  obtain  the  acid  from  this  mixture,  large  leaden 
chambers  are  built,  having  two  openings,  one  a  door  at 
a  few  inches  from  the  bottom,  for  the  introduction  of  the 
mixture,  the  other,  also  near  the  bottom,  furnished  with 
a  stop-cock,  through  which  the  acid  is  drawn  off.  Wa- 
ter is  poured  in  to  the  depth  of  about  two  or  three  inches, 
and  the  mixture  of  sulphur  and  nitre,  in  the  proportion 
of  about  8  or  10  of  the  former  to  1  of  the  latter,  con- 
tained in  an  earthen  pot,  is  placed  on  a  stand  in  the  cham- 
ber, and  then  kindled.  When  the  combustion  has  ceased, 
more  is  put  in,   and  in  this  way  it  is  carried  on  for  some 
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weeks,  at  the  end  of  which  the  fluid  is  drawn  off  into 
large  retorts  of  glass  or  platinum,  and  concentrated  by 
evaporation,  till  it  becomes  of  the  proper  strength, — 
specific  gravity  1847.  It  is  then  poured  into  large  green 
bottles,  called  carboys^  surrounded  by  basket-work,  in 
which  state  it  is  sent  to  market. 

Sulphuric  acid  prepared  in  this  way  always  contains 
a  little  lead,  derived  from  its  acting  on  the  walls  of  the 
chambers,  but  from  which  it  is  easily  freed  by  mixing  it 
with  an  equal  quantity  of  water,  by  which  a  white 
powder  falls  as  the  mixture  becomes  cold.  This  is  the 
lead,  in  union  with  a  little  of  the  acid,  from  which  the 
clear  fluid  is  poured  ofi*,  and,  if  required  strong,  must  be 
concentrated  by  evaporation. 

It  was  at  one  time  supposed,  that  the  nitre  operated  in 
this  instance  by  affording  oxigen  directly  to  the  sulphur, 
to  form  sulphuric  acid ;  but  this  is  now  known  not  to  be 
the  case,  for  if  the  acid  vapour  be  collected  the  moment 
it  is  generated,  it  is  not  sulphuric  but  sulphurous  acid ; 
besides,  there  is  not  nearly  enough  of  nitre  to  supply  oxi- 
gen for  the  complete  acidification  of  the  sulphur.  Cle- 
ment and  Desormes  have  given  a  different  explanation  of 
the  action.  They  imagine,  that  when  the  sulphur  is  in- 
flamed, it  forms  sulphurous  acid,  by  taking  oxigen  not 
only  from  the  air,  but  also  from  the  nitric  acid,  by  the 
decomposition  of  the  last  of  which,  nitric  oxid  is  gene- 
rated. The  moment  this  comes  off,  meeting  with  atmo- 
spheric air,  it  unites  with  its  oxigen,  and  generates  ni- 
trous acid,  which  instantly  gives  off  oxigen  to  the  sul- 
phurous, to  convert  it  to  sulphuric  acid,  and  be  reduced 
itself  again  to  the  state  of  oxid,  again  to  be  ready  to  take 
more  oxigen  to  form  nitrous  acid,  which  is  to  com- 
municate oxigen  to  the  next  portion  of  sulphurous 
acid  formed  by  the  combustion  of  the  sulphur ;  so  that 
the  sulphur  acquires  as  much  as  will  convert  it  to 
sulphuric  acid,  not  from  the  nitric  acid  of  the  nitre,  but 
from  the  air,  through  the  intervention  of  the  nitric  oxid ; 
consequently,  there  is  no  necessity  for  a  large  quantity  of 
nitre,  because  the  oxid  generated  from  it,  after  it  has 
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united  with  oxigen,  is,  by  giving  this  off  to  the  sulphu- 
rous acid,  brought  to  the  same  state  as  before,  and  is 
ready  to  deprive  the  air  of  more,  to  communicate  it  to 
the  next  portion  of  sulphurous  acid  formed. 

Nitrate  of  Soda. 

Nitric  acid  unites  with  soda,  and  forms  a  neutral  com- 
pound, the  properties  of  which  are  similar  to  those  of  ni- 
trate of  potassa,  but  it  has  been  very  little  examined,  and 
it  is  not  put  to  any  particular  use.  It  has  been  lately 
found  in  large  quantity  in  Tarapacca  in  Peru,  and  there 
are  also  lakes  ^Hungary  which  yield  it  in  considerable 
abundance,     .r^ 

Nitrate  qf  Ammonia. 

Nitrate  of  ammonia  is  obtained  in  different  forms, 
either  in  the  state  of  a  compact  salt,  or  in  prismatic  cm: 
fibrous  crystals,  according  to  the  mode  by  which  it  has 
been  prepared.  It  has  a  cooling,  bitter  taste ;  is  deli- 
quescent and  soluble,  requiring  about  2  of  water  at  a 
natural  temperature,  and  half  its  weight  at, a  boiling 
heat,  for  solution,  and  from  which  crystals  are  deposited 
as  it  cools.  The  quantity  of  water  in  the  salt  varies  ac- 
cording to  its  form.  Davy  states  that  there  is 
in  the  prismatic  crystals,  12  per  cent 

fibrous         do.         -        8      — 
compact  salt,  -  6.7  — 

But  as  usually  purchased,  it  in  general  has  no  less  than 
SO  per  cent,  probably  owing  to  deliquescence. 

The  composition  of  the  different  salts  is,  according  to 
Davy, 

Prismatic. 

acid  69.5 

base  18.4 

water  12.1 

Berzelius  states  the  first  to  be  composed  of 

acid  67.62,  base  21.14,  water  11.24. 


FifaroiM. 

Compsct* 

72.6 

74.5 

19.3 

19.8 

8.2 

5.7 
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Now  these  numbers  are  very  nearly  the  atomic  weights 
of  each  ;  so  that  we  may  consider  it  composed  of 
1  atom  acid,  -  67.5 

1  atom  ammonia,  -  21.25 

I  atom  water,  -  11.25 


and  its  atomic  weight,  100. 

By  far  the  most  important  action  of  nitrate  of  ammo- 
nia is  with  heat,  by  which  it  is  decomposed,  and  yields 
nitrous  oxid,  and  hence  its  use  in  the  preparation  of  this 
gas.  For  this  purpose,  any  quantity  is  put  into  a  retort, 
and  heated  by  means  of  a  lamp  or  chauffer,  by  which  it 
at  first  undergoes  watery  fusion  ;  but  on  continuing  the 
heat,  the  whole  of  the  water  is  expelled,  and  the  salt  it- 
self is  fused,  and  then  begins  to  suffer  decomposition, 
the  whole  of  the  hydrogen  of  the  ammonia  uniting  with 
as  much  oxigen  from  the  acid  as  to  generate  water,  while 
the  remaining  ingredients,  that  is,  the  rest  of  the  oxigen 
and  the  nitrogen  of  both,  combine  and  form  the  oxid, 
which  comes  off  with  the  watery  vapour,  and  may  be  col- 
lected over  a  water-trough,  the  vapour  being  condensed 
by  the  cold. 

In  this  experiment,  each  atom  of  salt  must  yield  2 

atoms  of  oxid ;  for  1  of  nitrate  consists  of 

-     ^         i?     .1  f   nitrogen  1 

1  atom  of  acid      =       -J         •  *- 

(    oxigen      5 

-I     .         i?  •  f   nitrogen    1 

1  atom  of  ammonia  =:-{-,  ^        ^ 

I  hydrogen  o 

Water  and  nitrous  oxid,  the  only  products  of  the  action, 

contain  1  atom  of  each  of  their  ingredients,  so  that 

hydrogen  3  7        ^^^.^  3 

oxigen       8  3 

nitrogen     27  .  .,  ^ 

.    °         _    C  =  nitrous  oxid  2 
oxigen        2  3 

The  different  salts  require  different  temperatures  for 
their  decomposition ;  it  is,  however,  in  all  below  500, 
and  in  the  preparation  of  the  oxid,  it  should  not  be  al- 
lowed to  go  beyond  this,  because  nitric  oxid  is  apt  to  be 
formed.    A  pound  of  good  salt  will  yield  about  5  cubic 
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feet  of  gas ;  and  as  about  l-6th  of  a  foot  is  sufficient  in 
general  for  producing  its  eflfects  when  breathed,  about 
l-3d  of  an  ounce  should  yield  enough  for  one  individual. 
In  preparing  the  gas  with  the  view  of  respiring  it,  before 
beginning  to  collect  it,  it  must  be  tried  from  time  to 
time,  with  a  piece  of  wood  recently  extinguished ;  if  it 
kindles  it^  it  may  be  considered  pure  ;  and  it  ought  also 
to  be  allowed  to  remain  over  the  water  for  about  half  an 
hour,  to  deprive  it  of  a  little  of  the  salt  which  it  fre- 
quently holds  in  suspension ;  or  it  may  be  shaken  with 
the  water  for  a  minute  or  two,  which  will  completely  pu- 
rify it.  It  is  necessary,  also,  to  try  whether  it  contains 
any  nitric  oxid,  and  which  is  done  by  the  introduction  of 
a  few  bubbles  of  air.  If  red  fumes  appear,  the  oxid  is 
easily  removed,  by  adding  air,  or  oxigen,  till  the  fumes 
cease  to  be  formed. 

Nitrate  of  ammonia  is  acted  on  by  inflammables  in  the 
same  way  as  nitre,  undergoing  deflagration  by  affording 
them  oxigen  ;  and  it  is  decomposed  also  by  oil  of  vitriol, 
but  it  is  not  put  to  any  particular  use  in  this  way. 

It  is  prepared  by  the  addition  of  the  acid  to  the  salt 
called  carbonate  of  ammonia,  by  which  the  carbonic  acid 
is  expelled,  and  the  nitric  acid  and  ammonia  unite,  and 
may  be  obtained  in  the  state  of  nitrate  by  evaporation. 

Cabbonaxes. 

Carbonic  acid  unites  in  two  proportions  with  the  alka- 
lies, and  forms  salts,  not  however  differing  much  in  their 
properties.  The  one  is  called  carbonate^  the  other  bu 
carbonate^  which  are  a  very  interesting  class  of  bodies, 
as  from  them  many  of  the  other  salts  are  formed,  and 
they  are  used  also  in  several  important  operations  of  the 
arts. 

The  salts  formed  by  the  union  of  alkalies  and  carbonic 
acid,  possess  many  of  the  properties  of  the  former.  They 
retain,  to  a  certain  extent,  their  taste,  and  those  with 
ammonia  have  also  its  odour.  They  change  vegetable 
blues  to  green,   and  they  effervesce  on  the  addition   of 
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any  acid,  owing  to  the  disengagement  of  their  carbonic 
acid. 

Before  the  discoveries  of  Dr  Black*  respecting  carbo- 
nic acid,  the  carbonates  were  considered  to  be  the  alka- 
Ues  in  their  pure  state.  It  was  known,  that  when  any  of 
them  was  mixed  with  lime,  it  lost  its  mildness,  and  became 
caustic,  which  was  supposed  to  be  owing  to  its  having  ac- 
quired something  from  the  earth.  Dr  Black  however 
shewed,  that  what  was  considered  the  pure  alkali  con- 
tained carbonic  acid,  which,  by  the  admixture  with  lime, 
was  transferred  to  it,  and  the  alkali  then  became  pure. 

Carbonate  qfPotassa. 

This  is  the  salt  long  known  by  the  name  of  Potasfies^ 
Pearl  Ashes*  and  Salt  of  Tartar ;  but  in  these  it  is  not 
pure,  being  mixed  with  other  salts  and  siliceous  matter. 
If  a  bottle  of  carbonic  acid  gas  have  a  little  solution 
of  potassa  thrown  into  it,  and  after  corking  it  they  be 
shaken  together,  keeping  the  mouth  down,  the  gas  is 
quickly  absorbed  by  the  alkali,  and  the  air  enters  through 
the  pores  of  the  cork  to  supply  its  place.  Though  the 
alkaline  carbonate  may  be  thus  obtained,  it  is  never  pre- 
pared in  this  way  for  use,  being  procured  in  large  quan- 
tity by  the  combustion  of  vegetable  matter. 

As  usually  purchased,  it  is  in  the  form  of  a  white  gra- 
nular powder,  or  in  coarse  pieces.  It  has  an  acrid  taste, 
is  powerfully  absorbent  of  moisture,  and  is  therefore  delU 
quescent ;  so  that,  when  exposed  to  the  air  for  some  time, 
it  absorbs  a  sufficient  quantity  to  make  it  become  fluid. 

It  is  soluble  in  water,  requiring  about  its  own  weight 
at  60  to  dissolve  it.  The  solution  is  transparent  and  co- 
lourless, and  changes  vegetable  blues  to  green,  shewing 
that  there  is  not  enough  of  acid  to  saturate  the  alkali ; 
so  that  it  is  not,  strictly  speaking,  a  neutral  salt. 

The  composition  of  this  salt,  as  given  by  WoUaston,  is, 

carbonic  acid,  100. 

potassa,  -  218.8 

and  as  100  :  218.8  :  :  27.5  :  60. 
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So  that  it  contains 

1  atom  of  acid,  -  27.5 

1  atom  of  potassa,        -       60. 


its  atom  being  -  87.5 

Carbonate  of  potass  acts  with  some  of  the  simple  sub- 
stances already  described,  as  chlorine  and  sulphur,  and 
the  action  is  the  same  as  that  already  mentioned  with 
potassa,  (see  p,  2115,)  the  water  in  the  salt  undergoing 
decomposition,  and  affording  oxigen  and  hydrogen  to  the 
other  substance  to  generate  acids.  In  this  way,  by  fus- 
ing sulphur  with  the  alkaline  carbonate,  the  substance 
commonly  called  sulphuret  of  potass  is  formed,  but  which 
is  a  mixture  of  salts  with  acids  of  sulphur.  (See  SuL 
phuretted  Hydro-Sulphuret  of  Potass,) 

The  same  action  takes  place  with  chlorine  and  iodine, 
when  the  potass  is  in  solution,  chlorate  and  muriate,  or 
iodate  and  hydr-iodate  of  potass  being  formed  by  the 
chlorine  and  iodine  gaining  oxigen  and  hydrogen  from 
the  water.     (See  Chlorate  and  Iodate  of  Potass,) 

Carbonate  of  potass  is  easily  decomposed  by  the  acids, 
which  combine  with  its  alkali,  and  disengage  its  acid 
with  effervescence,  the  decomposition  being  effected  by 
using  either  the  dry  salt,  or  its  solution.  Though  this 
salt  yields  carbonic  acid  easily,  it  does  not  answer  for 
affording  it,  because  the  action  is  by  far  too  rapid. 

Carbonate  of  potassa  is  prepared  by  the  combustion 
of  vegetables,  more  particularly  in  those  countries  which 
abound  in  wood,  as  in  America  and  Russia.  For  this 
purpose,  the  ashes  collected  from  the  wood  used  as  fuel 
are  washed  with  water,  and  the  solution,  after  filtration, 
evaporated  to  dryness.  What  is  left  is  the  carbonate, 
though  in  an  impure  state,  as  it  contains  vegetable  mat- 
ter, and  some  other  salts ;  but  it  is  sufficiently  pure  for 
Uie  uses  to  which  it  is  generally  applied. 

Vegetables  always  contain  potassa,  probably  in  combi- 
nation with  a  vegetable  acid  ;  hence,  by  the  combustion, 
the  carbon  in  them  combines  with  the  oxigen  of  the  air, 
and  forms  carbonic  acid,   which   then   enters  into  union 
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with  the  alkali,  previously  deprived  of  its  acid  by  the 
combustion.  It  is  obtained  in  different  quantities  from 
different  vegetables.  Herbaceous  plants  yield  most,  next 
the  shrubs,  and  least  of  all  the  trees.  Even  the  various 
parts  of  the  same  plant  afford  it  differently ;  thus,  the 
leaves  give  more  than  the  stems  or  trunks.  Hence  the 
potashes  and  pearl  ashes  of  commerce,  contain  different 
quantities  of  pure  alkali ;  and  as  it  is  for  this  they  are 
prized,  it  is  of  the  utmost  consequence  that  we  should 
be  able,  by  an  easy  method,  to  ascertain  its  proportion. 
(See  Appendix.) 

Carbonate  of  potass  is  employed  in  bleaching,  and  in 
the  manufacture  of  glass  and  soap ;  it  is  likewise  used 
for  yielding  pure  potassa,  by  decomposing  it  by  means 
of  lime.     (See  Lime^  Silica^  Oils.) 

Bi^Carbonate  of  Potassa. 

When  a  stream  of  carbonic  acid  gas  is  passed  through 
a  solution  of  carbonate  of  potass,  it  is  absorbed,  and 
a  bi-carbonate  is  formed,  having  of  course  double  the 
quantity  of  acid.  If  so,  it  contains  2  atoms  of  acid  and 
1  of  alkali,  that  is,  55  to  60 ;  but  in  addition  to  this,  it 
has  also  water,  for  when  procured  from  its  solution  by 
slow  evaporation,  it  is  deposited  in  the  crystalline  form, 
taking  water  of  crystallization  with  it. 

Bi-carbonate  of  potass  is  decomposed  by  heat ;  the 
excess  of  carbonic  acid  being  disengaged,  and  carbonate 
left,  and  hence  a  method  of  procuring  this  salt  when 
required  pure  for  particular  purposes. 

It  is  soluble  in  about  4  parts  of  water,  forming  a  trans- 
parent coloiurless  solution,  which  renders  vegetable  blues 
green  ;  so  that  the  acid,  even  in  this,  is  not  sufficient  to 
neutralize  the  alkali. 

If  the  salt  be  put  into  boiling  water,  it  is  dissolved, 
but  at  the  same  time  decomposed,  carbonic  acid  being 
driven  off;  and  hence  the  necessity,  when  evaporating  the 
solution  to  obtain  crystals,  of  keeping  the  temperature 
below  the  boiling  point. 
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Like  the  carbonate,  it  is  decomposed  by  the  acids. 

Bi-carbonate  of  potass,  it  has  been  already  mentioned,  is 
prepared  by  passing  a  stream  of  carbonic  acid  gas  through 
the  solution  of  the  carbonate.  As  the  acid  is  absorb- 
ed, a  flocculent  matter  is  deposited,  which  is  silica,  so 
that  it  is  necessary,  after  the  gas  ceases,  to  be  taken  up,  to 
filter,  and  the  liquor  must  then  be  evaporated  by  a  heat 
not  exceeding  180,  lest  the  excess  of  carbonic  acid 
should  be  driven  off. 

Bi-carbonate  of  potass  is  used  in  medicine  as  an  ant- 
acid, particularly  in  union  with  stomachics,  as  prepara- 
tions of  iron.  It  is  employed  in  making  effervescent 
draughts,  by  adding  to  it  some  of  the  weak  vegetable 
acids.  (See  Citric  Acid,) 

Carbonate  of  Soda. 

The  properties  of  the  salts  formed  by  the  union  of 
soda  and  carbonic  acid  are  very  nearly  the  same  as  those 
of  potassa. 

Carbonate  of  soda,  commonly  called  soda^  crystallizes 
in  octohedrons,  composed  of  two  four-sided  pyramids^ 
joined  by  their  bases,  and  truncated  at  their  summits. 
Its  taste  is  the  same  as  that  of  carbonate  of  potass.  It 
is  soluble  in  about  2  of  cold,  and  in  rather  less  than  its 
own  weight  of  boiling  water,  forming  a  transparent  co- 
lourless solution,  which  changes  blues  to  green  ;  so  that 
in  this,  as  in  the  carbonates  of  potass,  the  acid  is  not  in 
sufficient  quantity  to  neutralize  the  soda. 

When  heated,  it  undergoes  the  watery  fusion,  and 
becomes  a  white  powder,  losing  about  63  per  cent,  which 
is  water  of  crystallization.  When  exposed  to  air,  it  ef- 
floresces, in  this  respect  differing  from  that  of  potass, 
which  deliquesces. 

The  action  with  sulphur,  chlorine,  iodine,  and  acids, 
is  the  same  as  that  of  the  carbonate  of  potassa. 

Different  statements  have  been  given  of  the  composi- 
tion of  this  salt.     They  are  as  follow  : 
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Kbproth. 

Kirmn. 

Tbcxmion. 

acid, 

16 

16 

14.42 

14.16 

soda, 

SO 

22 

21.52 

20.60 

water, 

64 

62 

64 

65.24 

That  of  Elaproth  seems  the  most  correct,  because  it  very 
nearly  agrees  with  the  theoretic  composition,  which 
makes  it  consist  of 

1  atom  acid,  27.6  or  15.27 

1  atom  soda,  40.  22.23 

10  atoms  water,     112.5         62.5 


making  its  atom  180.         100. 

'  Carbonate  of  soda  is  generally  procured  by  the  com- 
bustion of  sea-weeds,  and  plants  growing  near  the  sea ; 
the  produce  of  the  former  is  called  Tcelp^  of  the  latter  ba- 
rilla. Barilla  is  made  principally  along  the  shores  of  the 
Mediterranean,  by  burning  different  species  of  salsola 
and  saKcomiay  for  which  purpose  they  are  collected 
in  Autumn,  and  laid  on  the  ground  to  dry.  Holes,  each 
capable  of  holding  about  a  ton,  are  dug  in  the  earth,  and 
over  these  are  placed  bars  of  iron,  on  which  the  plants, 
mixed  with  straw  or  reeds,  are  burned,  portions  of  the 
mixture  being  thrown  in,  when  the  former  is  nearly  con- 
sumed. During  the  combustion,  the  product  under- 
goes a  sort  of  fusion,  and  it  is  well  stirred  ;  and  when 
the  pits  are  full,  they  are  covered  with  earth  till  it  cools, 
after  which  it  is  removed,  and  broken  to  pieces. 

Kelp  is  prepared  nearly  in  the  same  way,  from  the  dif- 
ferent sea- weeds,  which  are  cut  in  June  and  July,  and 
exposed  on  the  rocks  till  they  become  dry,  care  being 
taken  to  keep  them  from  rain.  They  are  then  burned, 
either  in  pits  dug  in  the  sand,  or  on  the  surface  of  the 
ground,  surrounded  by  stones,  a  fire  being  previously 
kindled,  to  promote  the  combustion.  When  a  consider- 
able quantity  of  the  ashes  is  collected,  the  heat  is  suffi- 
cient to  fuse  them,  after  which  they  are  well  stirred  ;  and 
in  this  way  the  process  is  carried  on  for  several  days. 
•  VOL.  I.  c  c 
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The  product  is  then  covered  till  it  becomes  cold,  and 
afterwards  broken  to  pieces. 

Kelp  and  barilla  contain  a  number  of  substances,  as 
lime,  magnesia,  sea  sand,  charcoal,  and  different  salts, 
the  principal  of  which  is  carbonate  of  soda,  the  former 
having  from  S  to  6,  and  sometimes  8  per  cent,  the  latter 
from  12  to  15,  and  occasionally,  though  rarely,  about 
17.  Besides  these,  they  contain  iodine  in  the  state  ai 
hydriodate. 

The  solution  of  the  plants  that  yield  kelp  and  barilla, 
have  been  found  to  contain  muriate  of  soda  and  sulphate 
of  potass,  so  that  during  the  incineration,  the  sulphate  is 
decomposed,  its  oxigen  combining  with  the  carbon  to 
form  carbonic  acid,  and  its  alkali  with  the  muriatic  acid 
of  the  sea  salt,  by  which  soda  is  liberated,  and  unitef 
with  tlie  carbonic  acid,  and  hence  the  origin  of  the  car- 
bonate of  soda. 

Kelp  and  barilla  are  used  for  yielding  carbonate  of 
soda.  For  this  purpose,  they  must  be  dissolved  in  boil- 
ing water,  the  solution  filtered,  and  evaporated  to  dryness. 
The  residuum  must  be  again  dissolved,  and  the  fluid 
slowly  evaporated,  to  allow  the  impurities  to  be  dq)osit- 
ed,  and  after  these  are  removed,  the  process  is  conti- 
nued, and  carbonate  of  soda  is  procured. 

Kelp  and  barilla  are  used,  also,  in  their  entire  state^ 
for  soap-making,  and  in  the  manufacture  of  glass ;  in  the 
former,  owing  to  the  soda  they  contmn ;  in  the  latter, 
owing  partly  to  it,  partly  to  other  substances,  which  are 
necessary  ingredients  in  some  kinds  of  glass.  (See  Soap 
and  Glass.) 

As  the  different  kinds  of  kelp  and  barilla  afford  diffe- 
rent quantities  of  soda,  it  is  of  importance  to  be  able  to 
know  how  much  they  contain,  as  on  this  depends  their 
value.  (See  Appendix.) 

Sab-carbonate  of  soda,  is  used  for  the  same  purposes 
as  sub-carbonate  of  potassa. 

BUCarbonate  of  Soda. 
When  a  stream  of  carbonic  acid  gas  is  passed  throi^h 
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a  foiiition  of  cvrbonate  of  soda,  ft  is  conreited  into  bi- 
carbonate, the  properties  of  which  are  nearly  the  same 
as  those  of  the  other,  and  as  the  name  shews,  liaving 
twice  the  quantity  of  acid.  It  is  soluble,  but  the  solu- 
tion has  not  been  made  to  afford  crystals,  hence  the  bi^ 
carbonate  is  usually  sold  in  powder.  It  has  the  same  ef- 
fect OB  vegetable  blues  as  solution  of  the  carbonate.  It 
it  employed  for  the  same  purposes  as  bi-carbonate  of 
potass. 

CarhoncLte  of  Ammonia. 

When  carbonic  acid  and  ammonia,  in  the  gaseous 
fom,  a;re  presented  to  each  other,  they  unite  and  form 
a  white  powder.  These  substances,  by  their  union,  pro- 
duce two  aaks,  the  -one  cootaiiiing  equal  volumes,  the 
edier  4  of  alkali  and  1  of  acid.  The  latter  is  the  car- 
bcmate,  the  former  bi-carbonate.  Since  the  ingredients 
diOB  unite  volume  to  volume,  it  is  easy  to  ascertain  the 
proportions ;  in  the  former,  they  must  be  as  the  specific 
gravities ;  in  the  latter,  as  twice  sp.  gr.  of  the  alkali  to 
ODce  diat  <tf  acid. 

The  salt  found  in  commerce,  and  which  is  commonly 
called  sub-carbonate  of  ammonia,  is  different  in  its  com- 
position  from  botii  of  the  above.  According  to  Phillips, 
it  is  coBiposed  of 

acid  65.93  =  S  atoms  =  275 
alkali  S8.81  =  S  atoms  =  42.5 
water  15.26  ==  2  atoms  =  22.« 


100  92.5 

He  has  therefore  proposed  to  call  it  a  sesqui^arbonaiey 
because  it  contains  once  and  a  half  as  much  acid  as  exists 
in  the  carbonate,  that  is,  an  atom  g[  alkali  to  1^  of  add ; 
or,  to  get  quit  of  the  i  atom,  it  is  said  to  contain  2  of 
alkali  to  three  of  acid. 

This  salt  is  usually  obtained  in  the  state  of  a  hard  com- 
pact crystalline  mass,  with  some  degree  of  transparency. 
It  has  the  taste  and  odour  of  the  alkali.     It  is  soluble  in 

cc2 
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-about  2  of  cold,  and  in  less  than  half  its  weight  of  water, 
a  little  below  the  boiling  point,  the  solution  changing 
blues  to  green. 

When  exposed  to  heat,  it  is  sublimed,  and  condenses 
unchanged  in  its  properties  in  dendritic  crystals,  the  tetii- 
perature  necessary  for  the  sublimation  being  below  212 ; 
hence  we  cannot  employ  boiling  water  to  dissolve  it. 

On  exposure  to  air,  it  is  decomposed  ;  it  loses  its  am- 
moniacal  odour,  and  falls  into  powder,  owing  to  the  loss 
of  part  of  its  acid  and  alkali,  an  atom  of  each  of  which 
is  expelled,  so  that  it  is  then  composed  of 

2  atoms  acid,  1  atom  alkali,  2  atoms  water, 
and  has  therefore  become  bi-carbonate. 
'  All  the  acids  decompose  it,  disengaging  its  carbonic  acid. 
Potassa  and  soda  also  decompose  it ;  they  unite  with 
its  acid,  and  set  its  alkali  free.  The  carbonates  of  the 
same  alkalies  also  effect  its  decomposition  ;  they. deprive 
it  of  its  acid,  and  are  themselves  converted  to  bi^carbo- 
nates,  and  hence  a  method  at  one  time  followed  in  pre- 
paring them,  but  now  given  up  as  too  expensive. 

Carbonate  of  ammonia  is  found  in  springs  in  the  neigh- 
bourhood of  volcanoes.  It  is  almost  always  obtained  by 
the  decomposition  of  animal  matter,  as  horns,  hoofs,  and 
bones,  which  contain  the  ingredients  of  which  it  is  com- 
posed, carbon,  oxigen,  hydrogen,  and  nitrogen.  These 
are  subjected  to  heat  in  close  vessels,  by  which  their  ele- 
ments enter  into  a  new  state  of  combination,  and  new 
compounds  are  formed.  Part  of  the  carbon  and  oxigen 
produce  carbonic  acid,  part  of  the  hydrogen  and  nitrogen 
ammonia,  which  come  off  together  in  the  state  of  car- 
bonate, and  is  condensed  in  receivers.  It  may  also  be 
obtained  by  the  decomposition  of  another  ammoniacal 
salt,  the  muriate,  by  means  of  carbonate  of  lime.  (Su 
Lime.)  It  is  employed  in  medicine  internally,  as  a  dia- 
phoretic ;  externally,  when  mixed  with  oil,  as  a  rubefa- 
cient. 


PHOSPHATE  OF  SODA.  405 

Phosphates. 

'Phosphoric  acid  unites  with  the  alkalies,  and  forms 
phosphates.  They  have,  however,  been  very  little  exa- 
mined, and  are  not  put  to  any  particular  use. 

The  only  phosphate  of  any  interest,  is  that  with  soda. 
It  may  be  formed  by  the  direct  union  of  its  ingredients, 
but  it  is  never  prepared  in  that  way.  It  is  procured  by 
the  decomposition  of  the  earth  of  bones,  a  compound  of 
lime  and  phosphoric  acid.     (See  Lime,) 

Phosphate  of  Soda. 

This  salt  was  discovered  in  urine  by  Hellot  in  1737,' 
but  we  are  indebted  to  Klaproth  for  the  discovery  of  its 
composition.  It  crystallizes  in  rhomboidal  prisms.  It 
has  a  cooling,  not  unpleasant  taste.  When  subjected  to 
heat,  it  undergoes  the  watery  fusion,  and  afterwards 
melts  into  an  opake  glass.  When  exposed  to  air,  it  ef- 
floresces. It  is  soluble  in  about  4  of  cold  and  ^  of  boil- 
ing water,  but  the  solution  is  with  difficulty  made  to 
crystallize,  unless  there  is  a  slight  excess  of  alkali,  and 
hence  the  salt  of  commerce  is  usually  alkaline. 

According  to  Thomson,  (First  Pr.)  phosphate  of  soda 
is  composed  of 

acid  16.39  =  1  atom  =  35 
soda  18.73  ==  1  atom  ==  40 
water   64.88       =     12  atoms     =     135 


100  its  atomic  weight  being  210 
Phosphate  of  soda  is  decomposed  by  nitric,  sulphuric, 
and  muriatic  acids,  which  deprive  it  of  part  of  its  base, 
and  leave  the  remainder  in  union  with  the  whole  of  the 
phosphoric  acid,  forming  a  bi-phosphate,  containing 
ther^ore  double  the  quantity  of  acid  that  exists  in  the 
other. 

The  phosphate  is  used  in  medicine  as  a  mild  purgative, 
for  which,  owing  to  its  less  nauseous  taste,  it  is  better  a*. 
dapted  than  some  of  the  others.     As  it  is  fused  at  a  low 
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temperature,  and  as  in  this  state  it  acts  powerfully  on 
metallic  compounds,  it  is  employed  as  a  fixia  in  their 
analysis. 

Phosphate  of  Ammonia, 

This  salt  exists  also  in  urine.  It  crystallizes  in  octo- 
hedrons.  It  is  soluble  in  water,  the  solution  baring  k 
disagreeable  bitter  taste. 

When  exposed  to  heat,  it  is  decomposed,  the  ammo^ 
nia  is  expelled,  and  the  acid  is  left  pure.  If  subjected 
to  heat  with  charcoal,  the  acid  is  likewise  decomposed, 
its  oxigen  uniting  with  the  charcoal,  while  the  phospho- 
ms  distils  over. 

When  phosphate  of  ammonia  is  mixed  with  phosphate 
of  soda,  and  Iieat  applied,  the  ammonia  is  expeUed,  wmk 
super-phosphate  of  soda  is  formed. 

Borates. 

The  only  borate  of  any  importance,  is  that  with  ioda, 
long  known  by  the  name  of  borax^  and  in  whidi  the  bo* 
racic  acid  is  not  in  sufficient  quantity  to  neutralize  the 
alkali ;  and  hence  it  has  been  called 

Svb'Borate  of  Soda, 

It  was  noticed  so  early  as  the  9th  century ;  but  its 
composition  was  not  known  till  1732,  when  it  was  point- 
ed out  by  Geoffrey. 

It  crystallizes  in  six-sided  prisms.  It  has  a  styptic 
cooling  taste.  It  is  soluble  in  SO  of  cold,  and  in  6  of 
boiling  water,  the  solution  clianging  blues  to  greeli. 
When  exposed  to  a  moderate  heat,  it  liquefies,  swells,  andt 
parts  with  its  water  of  crystallization,  becoming  a  tight 
spongy  mass,  commonly  called  calcined^  or  burnt  boraa: 
By  continuing  the  heat,  the  salt  is  fused  ;  and,  on  cool- 
ing, becomes  a  transparent  gliiss,  but  without  undergoing 
any  diange  in  its  qualities. 
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The  composition  of  borax,  as  given  by  Gmelin  and 
Bergman,  is  about  85  of  acid,  17  of  alkali,  and  48  of 
water.  Dr  Thomson,  however,  in  his  late  experiments, 
(First  Pr.)  considers  it  as  composed  of 

acid,  21.06  =  2  atoms  =  80 
soda,  81.57  =  1  atom  =  40 
water,      47.87  =  8  atoms   =  90 


99.99  its  atom  being  160. 

Borax  is  easily  decomposed  by  the  stronger  acids, 
wbieh  unite  with  the  soda  and  set  the  acid  free,  and 
hence  the  method  of  procuring  it.  For  this  pur- 
pose^ two  ounces  of  the  salt  are  dissolved  in  boiling 
water,  so  as  to  make  a  saturated  solution,  to  which 
one  ovmee  of  muriatic  acid  is  to  be  added  ;  and  as  the 
•caution  cools,  crystals  of  boracic  acid  are  deposited.  Af- 
ter pouring  off  the  solution  of  muriate  of  soda,  they  are 
to  be  washed  with  a  little  cold  water,  and  then  heated, 
to  drive  off  any  superfluous  muriatic  acid. 

Borax  is  a  natural  production.  It  is  found  in  great 
abmddance  in  a  lake  in  Thibet,  from  which  it  is  dug  and 
sent  to  Europe,  under  the  name  of  tincai.  It  is  not, 
however,  in  this  state  pure ;  it  is  enveloped  in  a  fatty 
matter,  from  which  it  is  freed  by  exposure  to  a  red 
heat,  and  afterwards  dissolving  it  in  water,  and  crystal- 
lising it. 

Borax  is  employed  in  solution  as  a  gargle ;  and,  when 
calcined,  as  an  application  to  aphthous  spots,  either  in 
powder  or  mixed  with  honey.  From  the  power  it  possess- 
es of  uniting  with  earthy  matter,  and  making  it  soluble, 
it  is  used  in  the  analysis  of  minerals  ;  and  it  is  ow- 
ing* to  this  also,  that  it  is  employed  in  making  the 
finer  kinds  of  glass,  with  the  view  of  imitating  gems. 
It  i»  used  also  in  soldering  metals,  because  by  the  heat 
it  melts,  and  covers  their  surface,  and  then  protects  them 
&om  the  action  of  the  air,  at  the  high  temperature 
to  which  they  are  exposed.  It  is  applied  also,  with  great 
advantage,  in  Welding  iron  to  steel. 
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Sulphates. 

Sulphate  qfPoiassa, 

Sulphate  of  potassa,  or  vitriolated  tartar  of  commerce, 
is  obtained  in  six-sided  prisms,  terminated  by  six-sided 
pyramids.  It  has  a  bitter  taste;  is  sparingly  soluble 
in  water,  requiring  about  16  parts  at  a  natural  tempera- 
ture, and  5  at  a  boiling  heat,  for  solution.  It  decrepi- 
tates, owing  to  the  small  quantity  of  water  it  contains : 
but  this  is  not  water  of  crystallization  ;  it  has  been  mere- 
ly carried  along  with  it  during  its  deposition  from  solu- 
tion. 

Sulphate  of  potassa  is  composed  of  an  atom  of  each  of 
its  ingredients,  and  hence  its  composition  is 

1  atom  acid,         50  or  45.45 
1  atom  potassa,    60        54.55 

its  atom  being  110  100. 
Perhaps  the  most  important  action  of  sulphate  of  pot^ 
ass,  is  that  with  carbon.  When  heated  with  charcoal,  it 
undergoes  decomposition,  the  carbon  uniting  with  the 
oxigen  of  both  of  its  ingredients,  and  leaving  the  sulphur 
and  potassium  to  form  a  sulphuret.  As  this  sulphuret9 
when  put  into  water,  becomes  a  hydro-sulphuret,  the  de- 
composition of  sulphate  by  charcoal  is  sometimes  prac- 
tised with  the  view  of  preparing  this  salt. 

The  explanation  given  of  the  action  between  sulphate 
of  potass  and  charcoal,  may  be  considered  applicable  to 
many  other  sulphates  with  oxidized  bases, — the  charcoal 
depriving  them  of  their  oxigen,  and  converting  them  to 
Sidphurets ;  and  hence  a  method  of  preparing  the  sulphu-  • 
rets  of  those  metals  which  cannot  be  obtained  pure,  so 
as  to  cause  them  to  enter  directly  into  union  with  sul-  • 
phur. 

Sulphate  of  potass  may  be  procured  by  the  addition  • 
of  the  acid  to  the  alkaline  carbonate ;  but  a  cheaper  me-  - 
thod  of  preparing  it  is  by  the  saturation  of  the  acidulous 
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salt,  left  in  the  preparation  of  nitrous  acid,  in   which  ni- 
trate of  potass  is  decomposed  by  sulphuric  acid,  (p.  388). 
For  this  purpose,  the  saline  mass  being  dissolved  in  water, 
a  solution  of  carbonate  of  potass  must  be  added,  till 
the  excess  of  sulphuric  acid  is  saturated  ;  and  which   is 
known  by  its  not  reddening  a  test  paper. — Or  the  solu- 
tion may  have  lime  added  to  it ;  which,  by  uniting  with 
the  excess  of  acid,  will  form  sulphate  of  lime,  which  is 
deposited,  while  the  sulphate  of  potass  is  left  in   solu- 
tion, and  may  be  obtained  by  filtration  and  evaporation. 
The  salt  left  in  the  preparation  of  nitrous  acid,  it  has 
been-  already  mentioned,  is  a  super-salt.     It  has  been 
found,  by  Wollaston,   to  contain  double  the  quantity  of. 
acid  that  exists  in  the  neutral  sulphate  ;   and  if  so,  it  is 
composed  of  an  atom  of  base  to  2  of  acid,  and  is  there- 
fore a  bi-^ulphate.      It  is  used,  as  stated,  for  yielding 
neutral  sulphate,  and  it  is  sometimes  employed  when  an 
.  acid  is  required  free  from  water. 

Stilphate  of  Soda. 

Sulphate  of  soda  was  discovered  by  a  German  che- 
mist of  the  name  of  Glauber,  who  called  it  sal  mirabile, 
but  after  whom  it  has  been  termed   Glauber  salt      It 
was  also,  before  the  establishment  of  the  French  nomen-  ' 
clature,  called  natron  vitriolatumy  or  vitriolated  soda. 

Its  crystals  are  transparent,  six-sided  prisms  terminat- 
ed by  dihedral  summits,  the  taste  of  which  is  strongly 
saline  and  bitter.  It  is  soluble  in  2.8  of  water,  at  60, 
and  in  0.8,  at  212.  Gay  Lussac  has,  however,  stated  a 
very  remarkable  fact  with  respect  to  its  solubility  ;  that 
after  being  freed  of  water  of  crystallization,  it  is  more 
soluble  at  91^  than  at  any  other  temperature,  100  of 
water  at  32  dissolving  5,  at  a  boiling  heat  42^,  and  at 
914  no  less  than  50. 

When  heated,  it  undergoes  the  watery  fusion,  and  on 
exposure  to  air  effloresces,  losing  about  56  per  cent,  of 
its  weight,  and  a  light  white  powder  is  formed. 
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It  is  a  compound  of 

1  atom         50  or  24.7 
1  atom         40        19.8 

10  atoms  112.5     56 


202.5    100 

It  is  decomposed  by  charcoal  in  the  same  way  as  sul- 
phate of  potass,  provided  its  water  of  crystallization  has 
been  previously  expelled,  and  sulphuret  of  sodium  is 
formed. 

Sulphate  of  soda  is  found  native  in  some  mineral  wa- 
ters. It  is  also  observed  as  an  efflorescence  on  the  walls 
of  old  buildings.  It  is  generally  obtained,  however, 
firom  the  residue  of  the  process  for  procuring  muriatic 
acid,  and  which  consists  in  adding  sulphuric  acid  to  sea 
salt,  by  which  a  sulphate  of  soda  mixed  with  a  little 
super-sulphate  is  formed.  When  to  this  carbonate  of 
soda  is  added,  the  carbonic  acid  is  disengaged,  and  the 
excess  of  sulphuric  acid  neutralized  by  the  soda  of  the 
carbonate,  so  that,  by  filtration  and  -evaporation,  crystals 
are  procured. 

Sulphate  of  soda  is  also  a  residuum  in  the  manufac- 
ture of  other  substances,  as  sal  ammoniac.  (See  this. J 

Sulphate  of  soda  is  employed  in  medicine  as  a  purga- 
tive. By  far  the  most  important  process  carried  on  with 
it,  is  decomposing  it,  so  as  to  make  it  yield  its  alkali, 
which  is  so  valuable  an  article  of  commerce.  (See  Muru 
ate  qfSoda.) 

Sulphate  qf  Ammonia, 

Sulphate  of  ammonia  may  be  formed  by  the  decompo* 
sition  of  the  carbonate  by  muriatic  acid,  but  it  is  nevet 
prepared  in  this  way.  It  exists  in  soot,  the  acid  being 
formed  by  the  combustion  of  the  sulphur  always  existing 
in  coal,  and  the  ammonia  by  the  union  of  part  of  its  hyu 
drogen  and  nitrogen.  In  the  preparation  of  coal  gas,  an 
ammoniacal  liquor  is  collected  in  part  of  the  apparatus, 
which,  when  mixed  with  oil  of  vitriol,  also  affords  sul- 
phate of  ammonia.     The  only  use  to  which  this  salt  is 
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applied,  is  in  tbe  jMreparation  of  muriate  of  ammonia. 
(See  Mwr,  AinmonicL) 

Chlokates. 

Before  the  diseoveries  of  Sir  H.  Davy  with  respect  to 
eblorine^  tbe  chlorates  were  called  hyper-oxumuriaUSj 
bam  the  idea  that  they  contained  an  acid,  having  a  stffl 
larger  proportion  of  oxigen  than  was  supposed  to  exist 
in  oxi-muriatic,  and  hence  its  name  hyper^xi-murim 
otic.  It  has  been  already  mentioned,  that  aconrding 
to  the  new  doctrine,  this  acid  is  a  compound  of  chlo- 
rine and  oxigen,  and  called  chloric  acidy  its  salts  being 
chlorates.  The  chlorate,  particularly  that  of  potassa, 
has  excited  considerable  interest,  owing  to  the  peculia- 
rity of  its  properties,  and  to  its  having,  by  its  decomposi- 
tion, afforded  substances  with  which  we  were  not  previa 
ously  acquainted. 

Chlorate  of  Potassa. 

This  salt  was  first  mentioned  by  Higgins,  but  he  does 
not  seem  to  have  been  aware  of  its  composition,  having 
supposed  it  to  be  nitre,  to  which,  in  some  of  its  proper- 
ties, it  has  a  strong  resemblance.  It  was  afterwards  no- 
ticed by  BerthoUet  and  Chenevix,  and  more  lately  ex^ 
mined  by  Davy,  and  Gay  Lussac  and  Thenard. 

It  is  obtained  in  general  in  small  Ihin  laminae,  of  a 
nlvery  whiteness,  but  when  deposited  slowly  from  its  so^ 
lution,  it  is  in  the  form  of  obtuse  rhomboidal  plates.  It 
has  a  co(^ng  disagreeable  taste,  resembling  that  of  nitre. 
It  requires  16  of  cold,  but  only  S  of  boiling  water,  for 
solution. 

When  subjected  to  heat,  it  undergoes  decompositioi!^, 
and  oxigen  gas,  equal  iu  weight  to  about  13d  of  the  salt, 
is  disengaged,  and  hence  a  method  of  preparing  this  elastic 
flukt,  when  required  pure  for  particular  purposes.  AH 
thait  is  necessary,  is  to  put  any  quantity  of  the  salt  info 
a  retoit,  and  apply  heat  as  long  as  gas  comes  off.     Atict 
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the  action  is  over^  there  remains  a  white  saline-looking 
matter,  which,  according  to  the  new  doctrine,  is  chlorid 
of  potassium. 

Berzelius  found,  that  100  gr.  previously  freed  from 
water,  yielded  38.69  of  oxigen,  leaving  a  residue  of  chlo- 
rid of  potassium,  weighing  60.94,  composed  of  ^.87 
chlorine,  and  32.07  potassium.  The  latter  requires  6.41 
of  oxigen,  to  convert  them  to  potassa,  subtracting  which 
from  that  given  o£P  by  the  salt,  leaves  32.28  to  have  been 
in  union  with  the  chlorine,  to  form  chloric  acid,  so  that 
chlorate  of  potass  is  composed  of 

chlorine,        28.87  1        g^  15  ^f  ^^j  J 

oxigen,  32.28  j 

potassium,     32.07  \  _  33.48  potassa 
oxigen,  0.41  J 

and  as  61.15  :  38.48  : :    96  :  59.7, 
so  nearly  60,  that  we  may  consider  it  a  compound  of 

1  atom  acid,         95  or  61.29 
1  atom  potassa,    60        38.71 


its  atom  being        155      100 

Chlorate  of  potassa  acts  with  astonishing  violence  on 
inflammables.  Those  already  described  detonate  with 
it  either  by  friction  or  percussion,  the  action  being  the 
same  in  all,  but  of  course  the  product  differing  accord- 
ing to  the  inflammable  employed. 

When  phosphorus  is  mixed  with  it,  and  the  mixture, 
made  into  a  small  packet,  is  struck  with  a  hammer,  it 
explodes  with  great  force,  rendering  the  experiment  dan- 
gerous, so  that  it  ought  not  to  be  performed  on  more  than 
a  quarter  of  a  grain.     Charcoal  in  powder  also  acts  in 
a  similar  way,  and  the  same  is  the  case  with  sulphur ; 
indeed,  the  mixture  with  it  explodes  by  friction,  equal . 
parts   of  the  powder  of  the  salt,    and  flowers  of  sul- 
phur, when  rubbed  in  a  mortar,  exploding  with  great  vio-  ^ 
lence.     This  shews  the  necessity  of  operating  on  small . 
quantities,  and,  in  making  the  mixtures,  the  materialB . 
ought  to  be  reduced  to  powder  sepa/rately,  and  in  each  r 
experiment^  only  2  or  3  grains  should  be  used,   and . 


CHLORATE  OF  POT  ASS  A.  413 

mixed  on  paper  by  means  of  a  piece  of  wood.  The  ac- 
tion in  these  cases  is  supposed  to  be  owing  to  the  ease 
with  which  the  salt  parts  with  oxigen  to  the  inflammable, 
the  friction  or  percussion  favouring  it,  probably  by  the 
generation  of  a  little  heat. 

The  action  between  chlorate  of  potassa  and  the  acids 
is  important,  particularly  with  muriatic  and  sulphuric, 
as  by  them  it  is  decomposed,  and  the  two  oxids  of  chlo- 
rine are  disengaged,  the  former  yielding  the  protoxid, 
and  the  latter  the  peroxid. 

When  a  few  grains  of  the  salt  are  thrown  into  about  an 
ounce  of  muriatic  acid,  there  is  an  e£Pervescence,  and  the 
fluid  acquires  the  property  of  destroying  vegetable  co- 
lour. If  the  acid  be  diluted,  the  action  is  more  gradual, 
and  protoxid  of  chlorine  is  disengaged,  and  hence  the 
method  of  preparing  it.  For  this  purpose  we  must 
employ  a  mercurial  trough,  or  the  gas  may  be  more  easily 
collected  by  the  displacement  of  the  air  of  the  apparatus. 
Having  put  into  a  retort,  (cut,  p.315.)  half  an  ounce  of  the 
chlorate,  pour  in  an  ounce  of  a  mixture  of  equal  parts  of 
muriatic  acid  and  water,  and  apply  heat  by  means  of  a 
spirit  lamp,  with  a  small  wick,  and  held  at  the  distance 
of  a  few  inches.  As  the  gas  comes  o£P,  it  gradually 
pushes  out  above  it  the  lighter  atmospheric  air,  and  when, 
from  the  appearance  of  the  receiver,  it  is  supposed  to  be 
full,  it  must  be  removed,  and  another  substituted,  so  that 
in  this  way  a  sufficient  quantity  may  be  collected  for  ex- 
periment. 

The  chemical  action  in  this  instance  is  accounted  for 
by  the  decomposition  of  both  acids.  Part  of  the  muria- 
tic unites  with  the  potassa  of  the  chlorate  to  form  a 
muriate,  while  chloric  acid  is  disengaged,  and  acts  on 
the  remainder  of  the  muriatic,  the  hydrogen  of  which 
combines  with  as  much  oxigen  from  the  other  as  will 
form  water,  the  remaining  ingredients,  that  is,  the  chlo- 
rine of  both  acids,  unite  with  the  rest  of  the  oxigen  to  ge- 
nermte  the  protoxid. 

For  each  atom  of  chloric  acid  decomposed,  2  of  muria- 
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Chlorate  of  potassa  is  always  procured  by  passing  a 
stream  of  chlorine  gas  slowly  through  solution  of  potassa, 
and  at  the  same  lime  subjected  to  pressure,  so  that  Nooth'^s 
apparatus  may  be  used,  or,  which  answers  better,  one  of 
this  form.  It  consists  of  a  bottle.  A, 
having  two  apertures,  into  one  of 
which  is  inserted  the  mouth  of  a  re- 
tort, and  into  the  other  the  tube  of  the 
vessel,  B,  which  passes  down  to  the 
bottom  of  it.  Into  the  upper  aperture 
of  B,  is  placed  another  similar  vessel, 
C,  with  a  bent  tube,  and  having  a 
stopper  at  D.  Into  A  is  placed  the 
fluid  to  absprb  the  gas,  being  brought 
as  high  as  the  mouth  of  the  retort, 
and  as  the  tube  of  B  is  immersed  in  it, 
it  acts  as  a  valve ;  for  when  the  gas 
flows  into  A,  it  raises  it  into  B,  thus  it  prevents  its 
escape,  except  when  accumulated,  in  which  case,  it  has 
to  pass  through  a  column  of  fluid  ;  besides,  the  gas  in  A 
always  subject  to  pressure,  in  proportion  to  the  height 
of  the  apparatus.  The  use  of  C  is  to  receive  the  fluid 
forced  up,  when  gas  collects  in  the  upper  part  of  B. 

For  preparing  the  chlorate,  the  mixture  to  generate  chlo- 
rine, (oxid  of  manganese  1  part,  muriatic  acid  4,  or  oxid  of 
manganese  1,  sea  salt  4,  water  and  sulphuric  acid  each  3,) 
is  placed  in  the  retort  A,  the  alkaline  solution  in  B.  On 
applying  a  slight  heat,  the  gas  comes  off,  and,  in  passing 
through  the  fluids  is  absorbed  ;  and  when  it  ceases  to  be 
so,  the  liquid  is  filtered  and  evaporated,  by  which  crys- 
tals of  chlorate  are  obtained. 

In  this  instance,  during  the  passage  of  the  chlorine 
through  the  fluid,  water  is  decomposed,  the  ingredients 
of  which,  uniting  with  the  chlorine,  form  chloric  and  mu- 
riatic acids,  and  these  combining  with  the  alkali,  produce 
chlorate  and  muriate  of  potass ;  and  as  the  former  is  the 
least  soluble,  it  is  first  deposited  during  the  evaporation. 
Now,  as  chloric  acid  contains  1  of  chlorine  and  5  of  oxi- 
gen,  and  muriatic  acid  an  atom  of  each  of  its  ingredients. 
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there  must  be  the  decomposition  of  at  least  5  atoms  of 
water,  and  by  which  only  1  of  chloric,  but  6  of  muriatic 
acid  will  be  produced,  the  latter  uniting  with  5  of  alkali ; 
so  that  there  is  in  the  process  a  great  waste  both  of  chlo- 
rine and  of  potass,  and  hence  the  reason  of  the  chlorate 
being  so  expensive. 

From  the  great  explosive  power  of  mixtures  of  chlo- 
rate of  potassa  and  inflammables,  it  was  recommended  to 
employ  it,  instead  of  nitre,  in  the  manufacture  of  gun- 
powder ;  indeed,  an  attempt  was  made  in  France  to  this 
efl^ect,  but  the  moment  the  mixture  was  rubbed,  it  ex- 
ploded, and  proved  fatal  to  some  of  the  workmen,  so  that 
the  process  was  abandoned.  But,  besides  the  danger,  the 
expense  of  preparing  it  precludes  its  use.  It  has,  how- 
ever, been  recommended  by  Mr  Forsyth  as  a  priming 
for  his  patent  firelock,  now  known  by  the  name  of  per^ 
cussion  lock.  In  those  first  used,  the  priming  was  kept 
in  a  reservoir  attached  to  them,  but  explosions  sometimes 
happened ;  accordingly,  various  improvements  have  been 
made  on  it.  That  now  in  common  use,  and  which  is  not 
only  the  simplest,  but  the  safest,  consists  merely  of  a 
small  banuner.  A,  fixed  to  the  trigger,  and  terminated  by 
a  little  cup  at  B,  fitting  the  projection  C,  in  which  is  the 


touch-hole,  communicating  with  the  barrel.  A  number  of 
small  copper  caps  are  made  to  fit  accurately  the  projection 
C,  and  into  these  is  placed  a  little  of  the  explosive  mix- 
ture. After  the  barrel  is  loaded,  a  cap  is  put  on,  and 
the  hammer  brought  down  cautiously  on  it.  When  the 
piece  is  to  be  discharged,  the  hammer  is  brought  to  full 
cock,  and  by  drawing  the  trigger,   it  comes  down  with  a 
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8i|iart  blow  on  the  cap,  and  explodes  the  mixture,  the 
flame  from  which  rushes  through  the  touch-hole,  and  sets 
fire  to  the  powder.  This  lock  is  attended  with  several 
advantages.  There  is  no  chance  of  the  priming  being 
injured  by  moisture,  by  which  the  common  ones  so  fre-vf 
quently  hangjire^  and  indeed  often  cannot  be  used  dur- 
ing wet  weather,  and  there  is  little  danger  to  be  appre- 
hended from  the  hammer  being  cocked  accidentally,  the 
spring  being  much  stronger  than  in  flint  locks.  Different 
mixtures  have  been  used.  That  recommended  by  Forsyth, 
was  thie  salt  with  sulphur  and  charcoal ;  but  the  substance 
commonly  called  crude  antimony,  and  which  is  a  compound 
of  the  metal  antimony  and  sulphur,  is  generally  employed, 
being  mixed  with  about  an  equal  quantity  of  the  salt. 

Chlorate  of  potass  is  likewise  employed  as  a  means  of 
procuring  a  light.  The  action  with  sulphuric  acid  and 
ini)ammable  matter,  has  been  already  noticed.  It  is  in 
this  way  that  a  light  is  obtained.  The  salt,  after  being 
reduced  to  powder,  is  mixed  on  a  piece  of  paper,  with  an 
equal  bulk  of  the  powder  of  white  sugar,  and  made  into 
a  thick  paste  with  mucilage,  or  it  may  be  mixed  with 
flour,  and  made  into  a  paste  with  water,  in  which  state  it 
is  put  on  the  end  of  a  small  sulphur  match,  taking  care 
to  leave  some  of  the  sulphur  uncovered.  When  this  is 
dipt  into  oil  of  vitriol,  there  is  an  action  similar  to  that 
already  described  with  phosphorus,  by  which  the  sugar 
is  inflamed,  and  kindles  the  sulphur.  These  matches 
are  in  general  put  up  into  a  box,  with  a  small  bottle  of 
acid,  and  a  wax  taper.  They  must  be  kept  dry,  and 
the  acid  ought  to  be  frequently  renewed,  because  it  is 
apt  to  absorb  moisture,  particularly  if  the  stopper  has 
been  often  removed. 

By  this  action,  pieces  of  artillery  may  also  be  dis* 
charged,  for  if  a  small  pipe,  filled  with  the  mixture, 
be  placed  in  the  touch-hole,  by  putting  on  a  drop  of  acid, 
it  is  kindled,  and  the  flame  rushes  into  the  barrel. 

Chlorate  of  Soda, 
This  salt  may  be  prepared  in  the  same  way  as  chlorate 
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of  potass,  and  its  properties,  particularly  with  inflain* 
mables  and  acids*  are  the  same. 

Chlorate  of  Ammoma, 

It  has  been  already  mentioned,  that  by  bringing  chlo- 
rine gas  over  solution  of  ammonia,  chlorid  of  nitrogen  is 
fopoQfd,  (p.  S6S.)  and  when  chlorine  and  ammonia,  in  the 
state  of  gas^  are  brought  into  contact,  they  form  muriate 
of  ammonia,  (p.  881.)  We  cannot,  therefore,  prepare 
chlorate  of  ammonia  by  a  process  similar  to  that  by 
which  the  other  chlorates  are  formed.  It  may  be  pro- 
cured by  the  direct  union  of  its  ingredients,  but  its  pro-  . 
perties  have  not  been  examined,  and  it  is  not  put  to  any 
use. 

loDATES. 

The  iodates  of  the  alkalies  were  discovered  nearly 
about  the  same  time  by  Davy  and  G^y  Lussac,  but  the 
first  account  of  them  published  was  by  Davy. 

lodate  qfPotassa. 

This  salt  is  procured  by  a  process  similar  to  that  by 
which  the  chlorate  is  prepared,  by  shaking  iodine  in  so- 
lution of  potass.  Of  course  the  action  is  the  same,  the 
water  communicating  its  ingredients  to  the  iodine,  to 
form  iodic  and  hydr-iodic  acid,  which,  combining  with 
the  alkali,  produce  iodate,  and  hydr-iodate. .  A  white 
powder  is  formed,  consisting  of  the  two  salts,  which  can 
be  separated  by  the  action  of  alcohol ;  for  when  it  is 
digested  with  it  for  some  time,  the.  latter  only  is  dis- 
solved, so  that  the  iodate  is  obtained  pure. 

lodate  of  potass  is  decomposed  by  heat,  giving  off  oxi- 
gen,  and  leaving  iodid  of  potassium  in  the  retort,  100  gr, 
yielding  22.5  of  gas,,  and  of  course  77.5  of  iodid.  From 
this  mode  of  analysis,  it  has  been  found  to  consist  of 

D  d  2 


480  lODATES. 

acid,  -  78 

potass,       -         ^2 

and  as  78  :  22 : :  20.5 :  58, 

so  nearly  60,  that  we  may  consider  it  composed  of 

1  atom  of  apid,         -         205    or     77.4 

1  atom  of  potassa,       -        60  22.6 


its  atom  being         -  265  100 

lodate  of  potass  detonates  with  inflammables,  though 
by  no  means  with  so  much  violence  as  the  chlorate. 

lodate  of  Soda 

Is  obtained  in  the  same  way,  and  is  possessed  of  similar 

properties.     Its  composition  is, 

1  atom  acid,  -         -  205  or  84 

1  atom  soda,  -         -  40        16 

and  its  atom,         -         -  245      100 

lodate  of  Ammonia. 

In  the  preparation  of  this  iodate,  iodic  acid  is  saturat- 
ed by  the  addition  of  carbonate  of  ammonia.  It  deto- 
nates also  with  inflammables. 

Arsenates  and  Arssnites. 

Arsenate  of  Potassa. 

When  equal  parts  of  arsenous  acid  and  nitre  are  fused, 
and  the  heat  continued  till  the  red  fumes,  which  at  first 
come  ofi*,  cease  to  be  disengaged,  a  white  saline  mass 
is  obtained,  soluble  in  water,  and  on  evaporation  giving 
crystals  of  arsenate  of  potass,  but  with  excess  of  acid. 
Here  the  arsenous  acid,  having  acquired  oxigen  from  the 
nitric,  has  been  converted  to  arsenic  acid,  and  united 
with  the  potassa,  nitric  oxid  coming  ofi^,  and  forming  the 
red  fumes  of  nitrous  acid. 
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Arsenite  qfPotassa. 

This  salt  is  prepared  by  boiling  solution  of  sub-carbon- 
ate of  potass  with  arsenous  acid.  They  enter  into  union, 
and  form  a  substance  long  known  by  the  name  of  Fow^ 
ler^s  wlution^  much  employed  in  medicine,  in  cases  of 
periodic  headache,  obstinate  rheumatisms,  &c.  It  is 
the  soluHo  arsenttis  Potassce  of  the  Pharmacopoeia. 

Seleniates. 

Selenic  acid  unites,  in  three  different  proportions,  with 
the  alkalies,  and  forms  selenuUeSy  buseleniaies^  and  quc^ 
drusekniaUs,  They  are  procured  by  the  direct  union  of 
their  ingredients,  but  they  do  not  present  any  thing  in- 
teresting. 

Cyakates. 

It  has  been  already  mentioned,  that  when  cyanogen  is 
passed  through  alkaline  solutions,  the  water  is  decompos- 
ed, giving  rise  to  the  formation  of  cyanic  and  hydro-cy- 
anic acids,  which  are  left  in  union  with  the  alkali.  Cy«r 
anate  of  potassa  is  more  easily  procured  by  exposing  to  a 
low  red  heat,  a  mixture,  of  equal  weights,  of  the  salt 
called  ferro-cyanate  of  potass,  and  of  black  oxid  of  man- 
ganese, by  which  the  oxigen  of  the  latter,  and  the  cyano- 
gen of  the  former,  unite  to  produce  cyanic  acid,  which 
combines  with  the  potass.  The  cyanate  thus  formed  may 
be  dissolved  by  warm  alcohol,  which,  when  it  cools,  de- 
posits it  in  small  plates. 

When  cyanate  of  potass  is  heated,  particularly  in 
solution,  it  is  decomposed,  and  resolved  into  carbonic 
acid  and  ammonia ;  and  the  same  occurs  on  the  addi- 
tioQ  of  any  acid,  which,  uniting  with  its  base,  causes  the 
expulsion  and  decomposition  of  the  cyanic  acid. 
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Hydro-Sulphubets,  and  Sulphuretted  Htduo- 

suxphueets. 

The  salts  formed  by  the  union  of  the  alkalies  with  sul- 
phuretted and  supier-sulphuretted  hydrogen,  are  a  very 
interfesling  class  of  cdm pounds,  from  the  peculiarity  6f 
their  properties,  and  from  the  important  iactions  that  tale 
place  during  their  preparation.  As  yet,  oiir  kuowledge 
of  them  is  but  limited  ;  and,  unluckily,  the  nomencla- 
ture is  imperfect  and  confused.  According  to  the  rule 
already  laid  down,  of  giving  compounds  names  derived 
'fixjm  those  of  their  ingredients,  sulphuretted  hydrogen 
IfllouM'be  balled  hydro^^lphuric  dcidy  and  its  salts,  hy'dri' 
i^t^A«fe.?,  by  which  tve  would  at  once  be  informed 'of 
-theiT  composition. ' 

The  nomenclature  of  the  compounds  of  the  bases,  and 
super-sulphuretted  hydrogen,  is  still  more  imperfect 
They  were  first  called,  by  BerthoUet,  fit/drqgeruUed  stiU 
phuretSi  and  afterwards  by  Chenevix,  hydroguretted  mU 
phurets.  Eirw'an,  who  first  gave  the  name  of  super-sul- 
phuretted hydrogen  to  this  compound  of  hydrogen  and 
ralphur,  proposed  to  call  its  salts  super-sulphuretted  hydro-^ 
£ul^huretSj  which-was  shortened  to  sulphuretted  hydro-iuL 
phuretSf  the  term  now  in  general  use. 

Were  we  to  adopt  a  nomenclature  similar  to  that  ap- 
plied to  other  adds,  super-sulphuretted  hydrogen,'  si^  it 
contains  less  hydrogen  than  there  is  in  sulphuretted  by* 
dtogetiy  'idhould  be  called  hydro-suJphurous  acidy  and  its 
compounds,'  hydro-sulphites.         ^'   - 

Hydro-sulphate^  or  Hydro-sulphuret  qfPotassa. 

Thi9  salt  is  obtained  by  passing  a  stream  of  hydro- 
sulphuric  add,  (sulphuretted  hydrogen),  through  sioltf- 
tibii  of  potadia,  by  whith  a  transparent  colourless  fluid  is 
formed,  which  yields  long  prismfatic  crystals,  not  dnlikii 
those  of  sulphate  of  soda^  '  ^'^ 

They  have  no  smell  when  dry ;  but  when  exposed  to 
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aiir,  they  kttract  moisture,  and  emit  a  fetid  odour.  They 
are  soluble  in  water;  affordinga  solution  easily  decomposed 
by  exposure  to  air,  oxigen  being  absorbed,  which,  uniting 
with  j)art  of  the  hydrogen  of  the  acid  to  form  water,  leaves 
an  excessof  sulphur,  thusproducinghydro-sulphurousacid, 
(super-sulphuretted  hydrogen),  and  which,  with  the  base, 
becomes  hydro-sulphite,  (sulphuretted  hydro-sulphuret), 
of  a  brownish  colour. — Hence  the  necessity  of  keeping 
the  solution  in  well-corked  phials. 

On  the  addition  of  any  acid  to  the  solution  of  the  hy- 
dro-sulphate, there  is  an  effervescence,  owing  to  the  dis- 
engagement of  hydro-sulphuric  acid,  the  other  uniting 
with  the  base,  and  forming  a  transparent  solution. 

Though  the  hydro-sulphate  is  generally  procured  by 
the  transmission  of  the  acid  gas  through  the  alkaline  so- 
lution, other  methods  are  followed.  It  has  been  already 
mentioned,  (p.  408.^  that  when  sulphate  of  potassa,  free 
from  moisture,  is  heated  with  charcoal,  sulphuret  of  potas- 
sium b  formed.  If  this  be  thrown  into  water,  there  is 
a  double  decomposition,  and  hydro-sulphate  of  potassa 
is  the  result. 

Hydro^uIpJiate  of  Soda. 

This  salt  may  be  prepared  in  the  same  way,  and  its 
properties  are  similar  to  those  of  the  salt  with  potassa. 

Hydro-Sulphate  of  Ammonia, 

When  equal  volumes  of  hydro-sulphuric  acid  and  am- 
monia are  mixed,  they  combine,  and  form  white  clouds, 
which  condense  on  the  inside  of  the  vessel.  The  salt 
may  be  also  prepared  by  passing  the  gas  through  solu- 
tion of  ammonia,  till  it  ceases  to  be  absorbed.  Trans- 
parent needle-shaped  crystals  are  formed,  which  are  so 
volatile,  that  when  placed  at  the  bottom  of  a  bottle  they 
very  soon  sublime.  When  exposed  to  the  air,  they  at- 
tract moisture,  and  are  decomposed  ;  and  the  same  hap- 
pens also  when  they  are  in  solution,  there  is  an  absorp- 
tion of  oxigen,  and  a  gradual  conversion  to  bydro-sul- 
pfaite. 
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This  salt  was  recommended  by  Rollo  under  the  name 
of  Hepatised  Ammonia,  in  diseases  of  increased  action, 
particularly  in  diabetes,  for  which  reason  it  has  been  in- 
troduced into  the  Pharmacopoeia. 

Hydro svlphitey  or  Sulphuretted  Hydro-sulphuret  of 

Potassa. 

It  has  been  already  stated,  that  when  solution  of  hydro- 
sulphate  is  exposed  to  air,  it  becomes,  from  the  absorp- 
tion of  oxigen,  and  consumption  of  part  of  the  hydrogen, 
a  hydro-sulphite  ;  hence  one  method  of  preparing  this 
compound ;  but  it  is  not  generally  resorted  to,  as  it  can 
be  procured  by  a  much  easier  process,   though  not  quite 
pure,  but  sufficiently  so  for  the  purposes  to  which  it  is 
usually  applied.     When  sulphur  and  potashes  are  fused 
together,    the   substance  commonly  called  sulphuret  qf 
potassa  is  formed;  but  which,  it  was  formerly  mentioned^ 
(p,  398. )  may  be  considered  a  mixture  of  sulphate  and 
hydro-sulphite  of  potass,  so  that,  by  dissolving  it  in  wa- 
ter, a  solution  of  the  latter  is  procured,  containing  very 
little  of  the  former,  because  it  is  sparingly  soluble. 

Another  mode  of  preparing  it  is,  to  boil  solution  of 
potassa  on  flowers  of  sulphur,  till  it  becomes  of  a  deep- 
brown  colour,  taking  care  to  shake  the  vessel  frequently, 
to  prevent  the  mixture  from  boiling  over.  The  same 
action  goes  on  in  this  case  as  when  the  sulphur  is  heated 
with  potashes,  the  water  giving  both  of  its  ingredients  to 
the  sulphur,  to  produce  sulphuric  and  hydro-sulphurous 
acids,  which  uniting  with  the  alkali,  form  sulphate  and 
hydro-sulphite ;  and  as  the  former  is  sparingly  soluble, 
the  greater  part  of  it  is  deposited  as  the  fluid  cools. 

Though  the  substances  formed  by  the  action  of  sulphur 
on  potashes,  whether  in  the  dry  or  in  the  liquid  way,  have 
been  described  as  containing  sulphuretted  hydro-sulphu- 
ret,  very  different  statements  have  been  given  by  other 
chemists  of  their  composition.  It  was  at  one  time  ima- 
gined, that  when  sulphur  and  carbonate  of  potass  were 
heated,  the  carbonic  acid  gas  was  set  at  liberty,  while 
the  sulphur  and  alkali  combined  to  form  a  sulphuret. 
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Others,  as  Yauquelin,  (An.  de  Ch.  et  de  Ph.  vi.)  main- 
tained that  part  of  the  potassa  was  decomposed  ;   that  its 
ozigen  united  with  sulphur^  to  form  sulphuric  acid,  so 
that  the  product  was  a  mixture  of  sulphurct  of  potassium, 
and  sulphate  of  potassa.     More  lately,  Berzelius,  (An. 
de  Ch.  et  de  Ph.  xx.),  and  Berthier,  (Ibid,  xxii.)  have 
oideavoured  to  prove  that  sulphuret  of  potassium  is  the 
product,  the  compound  being  the  same  as  that  obtained 
by  the  decomposition  of  sulphate  by  charcoal.     I  am  in- 
clined, however,  to  consider  the  explanation  given  above 
as  the  more  probable ;  for  that   there  is  a  sulphuretted 
hydro-sulphuret,  and  not   a  sulphuret  of  potassium,   is 
evident ;  because,  on  the  addition  of  an  acid  to  the  solu- 
tion, there  is  not  only  the  disengagement  of  sulphuretted 
hydrogen,  but  also  the  precipitation  of  sulphur, — a  pro- 
perty peculiar  to  sulphuretted  hydro-sulphurets ;  besides, 
when  sulphur  is  heated  with  some  other  oxidized  bases, 
as  lime,  and  which  can  be  ohtsAued Jreejrom  water ^  there 
is  no  action,  the  sulphur  passing  off  in  vapour ;    now, 
•Gommon  potashes  always   contain  moisture,    which,  by 
its  decomposition,  may  give  oxigen  and  hydrogen  to  the 
sulphur.       Analogy    is  also  in  favour  of  this  opinion. 
Chlorine,  iodine,  and  phosphorus,  when  treated  with  pot- 
assa and  water,  cause  decomposition  of  the  latter,  and 
-formation  of  compounds  containing  oxigen  and  hydrogen. 
Sulphur  belongs  to  the  same  class,  for  it  enters  also  into 
•union  with  both  of  the  acidifying  principles,  to  form  acids, 
so  that  it  is  likely  it  will  act  with  alkaline  substances  in 
the  same  manner.     With  respect  to  the  nature  of  the  pro- 
duct of  the  action  of  charcoal  on  a  sulphate,  if  it  be  free 
from  moisture,  we  know  that  it  is  a  sulphuret  of  the  me- 
tallic base,  and  consequently,  when  thrown  into  water, 
will  yield  hydro- sulphuret ;  but  if  the  sulphate  contain 
water,  there  is  always  produced  a  sulphuretted  hydro- 
sulphuret ;  and  that  there  is  so,  is  proved  by  the  addition 
of  an  acid  to  the  solution,  by  which  sulphur  is  precipi- 
Uted. 

The  solution  of  the  sulphuretted  hydro-sulphuret,  like 
that   of  the   hydro-sulphate,    is   easily   decomposed  by 
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exposure   to   air ;    oxigen  is  absorbed,  whieb,   miiring 
with  the  hydrogen,  generates  water,  and  with   the  sul- 
phur  hypo-sulphurous  acid,    with   which   the  alkali  is 
left  in   union,  forming  hypo-sulphite,  giving  a  colour- 
less solution.     As  hydro-sulphate,  by  exposure  to  air« 
becomes  hydro-sulphite,  it  is  evident  that   it  also,   by 
continuance  of  exposure  to  air,  will  become  hypo-aul- 
phite,  the  fluid,  from  being  colourless,  acquiring  a  dark- 
er and  darker  colour,  and  again  becoming  colourless.     . 
This  solution  is  also  easily  decomposed  by  acids,  which 
unite  with   the  potass,  and  liberate  the  acid;  but  the 
(products  differ  according  to  the  method  of  mixing  the 
fluids.     When  muriatic  acid  is  dropt  into  the  solution, 
it  forms  a  muriate,  and  the  hydro-sulphurous  acid,  when 
.set  free,  is  instantly  decomposed,  hydro-sulphuric  acid 
.is  given  off  in  the  form  of  gas,  and  the  fluid  becomes 
opdke  from   the  deposition  of  sulphur ;  but  which,  in- 
stead of  assuming  its  proper  yellow  colour,   is  white, 
,probably  from  its  containing  a  little  water.     If,  boweyer, 
instead  of  pouring  the  acid  into  the  solution,  the  solu- 
tion be  thrown  into  the  acid,  very  little  of  the  hydro- 
sulphurous  acid  is  decomposed.     It  is  deposited  in  the 
form  of  a  yellowish  fluid  of  an  oily  consistence ;  and 
hence  the  method  of  preparing  it. 

From  the  avidity  with  which  the  solution  of  hydro- 
sulphite  of  potass  absorbs  oxigen,  it  is  employed  tat  as- 
certaining the  quantity  of  it  in  air,  and  other  gaseous 
mixtures.  The  apparatus  in  common  use  for  this  pur- 
pose, is  the  Eudiometer  of  Dr  Hope.  It  consists  of  A 
graduated  tube,  B,  fitted  to  a  bottle.  A,  having 
.a  stopper  at  C  In  using  this,  suppose  the  tube 
/uU  of  air,  the  bottle  is  to  be  filled  with  the  solu- 
tion, and  the  tube  inserted,  and  by  shaking  them  3 
.the  whole  of  the  oxigen  will  be  absorbed  in  the 
course  of  a  few  minutes.  After  this,  the  appa- 
ratus is  plunged  into  a  basin  of  water,  and  the 
stopper,  C,  removed,  but  instantly  replaced,  by  ^^ 
which  the  water  flows  in  to  fill  up  the  vacuum,  €^^\ 
and  the  height  to  which  it  rises  indicates  the    ^ — ' 
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quantity  of  oxigen  consumed ;  taking  care  to  have  the 
fluid  on  the  inside  and  outside  on  a  level,  and  by  keep- 
ing the  whole  apparatus  in  the  water  for  some  time,  to 
have  it  at  the  same  temperature  as  at  the  commencement 
of  the  experiment.  Should  the  absorption  not  be  com- 
plete by  the  first  shaking,  the  process  must  be  repeated 
till  the  water  will  not  rise  any  farther  in  the  tube. 

In  using  any  other  gaseous  fluid  than  air,  having  filled 
the  tube,  the  bottle  full  of  the  solution  must  be  placed 
in  the  same  vessel  with  it,  which  is  then  to  be  inserted 
into  the  upper  aperture,  and  the  process  after  this  must 
.be  conducted  in  the  manner  already  described. 

,  Instead  of  the  apparatus  now  described,  Dr  Henry  has 
pioposed,  that  an  elastic  gum  bottle  should  be  used  in- 
stead of  the  glass  one.  The  tube,  B,  is  fitted 
accurately,  by  grinding  into  another,  to  which 
the  gum  bottle  is  tied.  This  apparatus  is  used 
in  the  same  way  as  the  other,  and  the  advantages 
attending  it  are,  that  as  the  oxigen  is  absorbed, 
the  external  pressure  of  the  air  causes  the  solu- 
tion to  rise  to  supply  the  vacuum,  so  that  there 
is  no  necessity  for  removing  the  tube  to  admit  Jt 
water,  by  the  introduction  of  which  the  so-  (\ 
Iijtion  is  so  much  diluted,  that  it  acts  slowly  on  ^^ 
the  air. 

Though  this  method  of  ascertaining  the  proportion  of 
oxigen,  id  by  no  means  so  accurate  as  some  of  the  others, 
yet  it  ia/requently  trusted  to,  particularly  when  no  great 
degree  of  nicety  is  required. 

.Since  solution  of  hydro-sulphate  of  potass  absorbs 
oxigen  so  easily,  it  is  sooictimes  employed  for  preparing 
lutrogeo.  For  th:^  purpose  the  same  apparatus  may  lie 
employed  as  that  already  described,  fp.  5!06.;  and  ]jy 
which  nitrogen  was  fTrx:iiTe<l  by  rr:ear,*  of  a  mixture  erf 
moistened  iron  £Hr.g^  aid  sblpi^ur,  the  Lvdro-^ulphite 
being  placed  in  the  cjp.  Or  :hc  y>I-::o:,5  to  the  depth 
of  about  an  inch,  c;ay  be  fr^ured  ;:.:o  ::.f:  ouur  jar,  and 
the  bell-glass  placed  ever  :i,   ^:A   by  «h:ch  al%o  the  ab- 
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sorption  will  go  on,  and  the  fluid  will  rise  to  supply  the 
place  of  the  oxigen  removed. 

Hydro^Sulphite  of  Soda. 

The  solution  of  this  substance  is  prepared  in  the  same 
way  as  that  of  potass.  Its  properties  are  similar,  and 
of  course  it  may  be  applied  to  the  same  purposes. 

Hydro-StdjphUe  of  Ammonia, 

This  substance  is  prepared  by  exposing  solution  oi 
hydro-sulphate  to  air,  to  allow  it  to  absorb  oxigen,  or  bj 
keeping  it  in  a  phial  along  with  flowers  of  sulphur,  whid 
it  gradually  dissolves,  forming  hydro-sulphurous  ad^ 
to  unite  with  the  ammonia. 

Its  properties  are  the  same  as  those  of  the  other  hydn^ 
sulphites. 

Muriates  or  Hydro-Chloratei. 

It  has  been  already  mentioned,  that  many  of  the  chL 
rurets,  when  thrown  into  water,  become  muriates,  by  tJ 
oxigen  uniting  with  the  base,  and  the  hydrogen  with  t 
chlorine.     Such  is  the  case  with  those  of  potassium  a 
sodium.     Again,  on  evaporating  the  solution  to  drym 
the  muriate  becomes  chloruret,  so  that  the  substances. If 
known  by  the  names  of  muriates  of  potass  and  soda,  m 
if  we  adopt  strictly  the  new  views  with  respect  to  c 
rine,  be  considered  chlorurets.     Instead  of  detailing 
properties  of  these,  when  mentioning  the  action  bet 
chlorine  and  the  metallic   bases  of  the  alkalies,  I 
thought  proper  to  bring  them  in  with  the  salts,  bf 
in  all  their  actions  with  other  substances  they  b 
muriates,  by  the  decomposition  of  the  water  whicJ 
contain  ;  and  therefore,  in  one  point  of  view,  keepi 
in  remembrance,  we  are  detailing  the  propertief 
chlorurets,  but  of  muriates.  These  remarks  are  ap 
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only  to  the  compounds  of  potassium  and  '^Ahim.     That 
with  ammonia  is  allowed  by  all  to  \y:  a  rr.'7jriai':. 

What  has  been  said  of  chlorjret-,,   may  ^>*;  appli'rd   to 

lodurets,  and  to  the  cor^z^j-zii  of  rhe  oth^rr  WJi«.*  forrr*- 

ing  hydr-acids.  as  fljoriie.  cvar.o^'-^n.  ar;]  xar-*.:y> ;:■;:»  .;  if»- 

deed   the  class  of  cociiy, -lJ--  o'>r.*^;rJr.''   •/:/:.-.".   rr.av 

perhaps   also  be  coniiier^i  ;r*   tr.e  »A'r.f:  liy'it-     A*  a.l 

of  these,  howerer.   also   r..nr:orr.^   -a.:*  *^-:r.  a/:WJ  or.  by 

other  substances,   I   ba-ri  Lr^-k'-.:   •.-.^r.   ::.    -:.':/  •.:..* 

chus  ;   bv  which  zrr^z.  r^^ii-r"-  -  V.*": '.  rr>  i.*.: ; '. ;?  *'. ::. :  4.' .  v  %  .•  ^t 

P«*d  together,   and   :iiir  i..-:.^'r?::rri  *-;...   I  v.-:.-'.   ^>r 

nore  easily  under-:»:-i . 
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pyramid,  and  which  is  occasioned  by  the  salt  crystallis- 
ing on  the  surface ;  for  wheii  the  cube  is  first  produced  it 
sinks  a  little  in  the  fluid,  and  acquires  a  layer  on  each 
of  the  four  sides  where  it  is  in  contact  with  it»  by  which 
it  becomes  heavier  and  sinks  a  little  farther,  wh^n  it 
again  acquires  another  layer,  and  so  on  till  it  forms  a 
hbllow  pyramidal  crystal,  with  the  apex  undermost. 

These  crystals,  when  pure,  are  not  altered  by  exposure 
to  air,  but  the  sea  salt  in  common  use  deliqu^ces,  from 
its  containing  compounds  of  magnesia  and  lime.  When 
heated,  they  decrepitate,  but  this  is  not  owing  to  water 
of  crystallization  ;  it  is  merely  a  little  which  has  been 
taken  along  with  the  particles  when  deposited  from 
solution,  and  must  be  considered  therefore  as  interstitiaL 
In  general  it  amounts  to  about  3  per  cent. 

They  are  soluble  in  ^.5  of  cold  water,  and  what  i^  very 
remarkable,  they  require  very  nearly  as  much  at  a  boil- 
ing heat ;  accordingly  a  warm  solution  does  not  crystal- 
lize when  it  cools ;  the  crystals  are  obtained  by  evapora- 
tion. 

As  chlorid  of  sodium  consists  of  an  atom  of  each  of 
its"  ingredients,  and  is  converted  by  water  to  muriate  of 
soda,  it  is  evident  that  the  salt  when  in  this  state  must 
contain 

1  atom  of  muriatic  acid  46.^5  or  54.63 

1  atom  of  soda  40.  45.37 


and  its  atom  weight  will  be  86.25  100 
When  1  of  sea  salt  is  mixed  with  2  of  ice,  or  of  snow, 
there  is  an  immediate  liquefaction  and  solution  of  the 
salt,  so  that  both  becoming  fluid,  there  is  a  great  reduc- 
tioh  of  temperature.  This  is  the  mixture  employed  by 
Fahrenheit  in  procuring  what  he  supposed  to  be  the  de- 
gree of  absolute  cold,  and  at  which  he  fixed  the  beginning 
of  his  scale.  The  temperature  is  not  however  0,  as  he 
imagined,  but  —4,  (p.  99.)  It  is  the  mixture  also  used 
by  confectioners  in  making  ice  creams,  of  course  there  ia 
little  or  ho  waste  of  tnc  salt,  for  on  evaporating  the  so- 
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littioDy  it  is  obtained  sufRciently  pure  for  the  same  pur- 
pose. 

Sea  salt  is  decomposed  by  the  acids.  By  far  the  inoHt 
inqioitant  action  is  with  oil  of  vitriol,  an  hy  nic;anH  of  it 
mnriatic  acid  is  disengaged,  and  hence  the  nieth^Hl  of 
pseparing  it.  Different  processes  are  followed,  acc^irding 
as  the  gmseoos  or  common  liquid  acid  is  required. 

Before  preparing  either,  it  is  better  to  exji^/se  the  halt 
to  beat,  to  free  it  of  its  extraneous  rnmnture,  and  by 
which  also  anj  Tegetable  matter  and  nitre  it  may  tjtfi- 
taia  arc  destroyed.  For  procuring  gaM;ou9  muriatic  add, 
it  is  Beoeftsarr  to  employ  a  mercurial  trough  ;  or,  if  we 
lo  ooUect  It  in  con&iderrable  qfjautJty,  it  mAy  hti 
by  tbe  diiplacemer^t  of  the  air  of  the  re<:eiv*rr»!.  I'or 
this  pnrpose  ec^ua:  part-  of  dried  ^It   arid   oil   of  vJtriol 

therer^rt-  flti  cut*  p.  S15.)  a:.d  a  \/r/i.K 
br  wb:vh  the  jit  cwnet  ofi":  &?id-  bv  *'i'>v/. 
ingix  xo  escape  for  i  little  fr-jv^  the  fiOwir.-j  '^f  t^«:  ^x.vl  , 
we  BS  X£l»  ii*a-rlT  f  _ "1.  : :.  =:  tvid   l/r! r. ^  t , f?: ':•: -rr, t j v  zj  .?•: 

S  ^  m  »  0 

liew  ttf  juvt/^rtcziiz  -^'^  fc-.^.-'i-  '--,  cl  vt*  tTi*  -jC  v?  r>ry^  : 
hs:  as  i«£s:  Ji  tti*£r:  r*-rt-i   ^,r,-. ;:  "j-.    ■.i.v/i-   •,»?  *'i*r   uv/5 

b  iDDivc  OL  txa^  u^t      V'-.it  T'-'.rx'f^uiii  •yt*e'*fr   "-t  •-,*: 


pbum  BCii..  s«r:   "ni^    rt:iLiiniti*r    jz.tt    '.:**    '<'^-*^    v.'»'. 
tilt  diiizysL  acif  ^:  v***:-    v^^ir    r   vi  ^tj*^  bi.:-    r    .-.• 
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water  being  put  into  the  bottle.-— ^Or  a  common  retort  and 
receiver  may  be  employed ;  and,  in  this  case,  after  wait^^ 
ing  a  little  to  allow  the  air  of  the  apparatus  to  be  expelU 
ed,  they  must  be  luted  together  with  pipe-clay.  Ita 
using  a  small  apparatus,  heat  may  be  applied  by  meam 
of  a  lamp  or  chauffer  ;  biit  when  large  retorts  are  employ«i 
ed,  a  furnace  and  sand  bath  are  necessary,  and  the  beiEl 
must  be  kept  up  as  long  as  acid  distils  over.  In  pr0* 
paring  the  liquid  acid,  by  the  process  described,  the  i^ 
tort  ought  not  to  be  more  than  half  full,  lest  the  roixtuM 
should  boil  over ;  and  the  receiver  must  be  kept  cool,  in 
the  first  method,  by  putting  it  into  a  basin  of  ice  adtf  ' 
water,  and  in  the  latter,  by  a  stream  of  water,  baVifi|f 
previously  covered  it  with  a  piece  of  paper  or  cloth;  't& 
diffuse  it  over  its  surface,  and  accelerate  the  evaporation^^ 

If  a  retort,  without  a  tubulure,  be  employed,  the  di^*- 
luted  acid  must  be  poured  in  through  a  funnelled  tuboj  • 
to  prevent  any  of  it  getting  on  the  neck,  and  mixing  with-  •• 
the  muriatic  acid  that  comes  off.  .-*..*v 

In  the  decomposition  of  sea  salt  by  oil  of  vitriol,  wha^*  '• 
ther  we  are  procuring  the  gaseous  or  liquid  acid,  tBVM 
salt,  if  considered  a  chlorid  of  sodium,  is  decompoie^t^ 
by  the  water,  the  hydrogen  and  chlorine  uniting  ItfMf 
form  muriatic  acid,  and  the  oxigen  and  sodium,  soddM 
which  enters  into  union  with  the  sulphuric,  and  wK]| 
mains  in  the  retort,  while  the  acid  gas  is  disengaged, 
coming  in  contact  with  the  water  in  the  receiver,  is 
sorbed.  If  the  salt  be  supposed  muriate  of  soda,' 
sulphuric  acid  and  alkali  combine,  while  the  murll 
and  water  come  off  together. — For,  according  to  the 
opinion  with  respect  to  the  composition  of  chlorine, 
riatic  acid  gas  is  supposed  to  contain  water  as  one  of' : 
ingredients. 

The  liquid  acid  thus  prepared,   should  be  of  sp. 
about  1170 ;  and,  if  pure,  it  is  transparent  and  colourU 
but  that  of  commerce  is  generally  of  a  brownish 
from  its  containing  a  little  iron,  derived  from  its  act 

on  the  vessel  in  which  it  is  prepared.     The  residuum'^ 
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water  being  put  into  the  bottle. — Or  a  common  retort  and 
receiver  may  be  employed ;  and,  in  this  case,  after  wait- 
ing a  little  to  allow  the  air  of  the  apparatus  to  be  exp^- 
ed,  they  must  be  luted  together  with  pipe-clay.  In 
using  a  small  apparatus,  heat  may  be  applied  by  means 
of  a  lamp  or  chauffer  ;  but  when  large  retorts  are  employ- 
ed, a  furnace  and  sand  bath  are  necessary,  and  the  beat 
must  be  kept  up  as  long  as  acid  distils  over.  In  pre- 
paring the  liquid  acid,  by  the  process  described,  the  re- 
tort ought  not  to  be  more  than  half  full,  lest  the  mixture 
should  boil  over ;  and  the  receiver  must  be  kept  cool,  in 
the  first  method,  by  putting  it  into  a  basin  of  ice  and 
water,  and  in  the  latter,  by  a  stream  of  water,  having 
previously  covered  it  with  a  piece  of  paper  or  cloth,  to 
diffuse  it  over  its  surface,  and  accelerate  the  evaporation: 

If  a  retort,  without  a  tubulure,  be  employed,  the  di- 
luted acid  must  be  poured  in  through  a  funnelled  tube^ 
to  prevent  any  of  it  getting  on  the  neck,  and  mixing  with 
the  muriatic  acid  that  comes  off. 

In  the  decomposition  of  sea  salt  by  oil  of  vitriol,  whe- 
ther we  are  procuring  the  gaseous  or  liquid  acid,  the 
salt,  if  considered  a  chlorid  of  sodium,  is  decomposed 
by  the  water,  the  hydrogen  and  chlorine  uniting  to 
form  muriatic  acid,  and  the  oxigen  and  sodium,  soda, 
which  enters  into  union  with  the  sulphuric,  and  re^ 
mains  in  the  retort,  while  the  acid  gas  is  disengaged,  and 
coming  in  contact  with  the  water  in  the  receiver,  is  ab- 
sorbed. If  the  salt  be  supposed  muriate  of  soda,  the 
sulphuric  acid  and  alkali  combine,  while  the  muriatic 
and  water  come  off  together. — For,  according  to  the  old 
opinion  with  respect  to  the  composition  of  chlorine,  mu- 
riatic acid  gas  is  supposed  to  contain  water  as  one  of  its 
ingredients. 

The  liquid  acid  thus  prepared,  should  be  of  sp.  gr. 
about  1170 ;  and,  if  pure,  it  is  transparent  and  colourless; 
but  that  of  commerce  is  generally  of  a  brownish  tinge, 
from  its  containing  a  little  iron,  derived  from  its  acting 
on  the  vessel  in  which  it  is  prepared.     The  residuum  in 
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the  retort,  coDsisting  of  sulphuric  acid  and  aoda,  is  part- 
ly in  the  state  of  bi-sulphate,  because  a  larger  quan- 
tity of  acid  is  used  than  is  necessary  for  the  neutraliza- 
tion of  the  alkali :  still,  however,  there  is  not  sufficient 
to  convert  the  whole  of  it  into  this  state,  nor  is  it  ac- 
tually necessary ;  for,  keeping  them  in  atomic  propor- 
tions, 75  of  chlorid  of  sodium  are  equivalent  to  40  of  so- 
da ;  which,  supposing  it  to  unite  with  two  atoms  of  sul- 
phuric acid,  would  require  122.5  of  oil  of  vitriol,  which 
contains  100,  or  2  atoms  of  real  acid.     And  as 

75  :  122.6  :  :  100  :  163, 
so  that,  instead  of  equal  proportions,  2  to  3,  or  nearly  so, 
should  be  used.     There  is  no  absolute  necessity,  how- 
ever, for  employing  excess  of  acid,  for  1  atom  of  oil  of 
vitriol  is  sufficient  to  decompose  1  of  salt. 

1  atom  s.  acid 


1  atom  oil  of  vitriol  =  i  .  f  1  oxigen 

*  ^  atom  water  —  ' 


={i 


hydrogen 


1  atom  muriatic  acid  ==  1  i 


1  .torn  chlorid  =  I  J  <=l>]°rine 

1 1  sodium 
80  that,  when  decomposed,  they  become 

chlorine 
hydrogen 
sulph.  acid 
1  atom  sulph.  soda  =  -^  t      j         _.  f  1  oxigen 

\  1  sodium 

61.25  of  oil  of  vitriol  should  therefore  be  sufficient  to  de- 
compose 75  of  salt ;  but  it  is  supposed,  that  by  using 
equal  weights,  the  decomposition  is  more  effectually 
secured,  and  the  acid  gas  more  easily  expelled. 

The  residue  in  the  retort  is  employed,  as  already  no- 
ticed, in  the  preparation  of  neutral  sulphate  of  soda, 
(p.  410.) 

It  was  formerly  mentioned,  that  muriatic  acid  is  em- 
ployed for  purifying  apartments,  and  for  preventing 
contagion,  (p.  334.)  It  is  owing  to  the  ease  with  which 
sea  salt  gives  off  its  acid,  that  it  is  used  fur  this  pur- 
pose. The  process  is  a  very  simple  one  :  Into  a  tea  cup 
or  saucer,  heated  by  holding  it  near  a  fire,  a  little  sea 
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-salt  it  put)  and  on  it  is  poured  about  an  equal  quantify 
of  oil  of  vitriol ;  which  instantly  unites  with  the  soda, 
and  disengages  the  muriatic  acid.  Should  the  apart^ 
ment  be  large,  it  is  necessary  to  have  several  vessels ; 
and  in  this  instance,  it  is  best  to  employ  soup  plates,  and 
place  them  on  warm  bricks. 

Sea  salt  is  perhaps  one  of  the  most  abundant  produc- 
tions of  nature ;  it  is  the  principal  ingredient  in  the  resi- 
due procured  by  the  evaporation  of  sea  water,  which 
contains  about  S  per  cent,  of  saline  matter,  3-4th5  of 
which  are  muriate  of  soda.  It  is  likewise  found  in  im- 
ilnense  quantity  in  the  bowels  of  the  earth,  as  in  the  mines 
of  Cheshire  and  Poland ;  and  in  some  countries  there 
are  mountains  almost  entirely  composed  of  it,  a  remarks 
able  instance  of  which  is  in  Cordova  in  Spain.  When 
obtained  from  sea  water,  it  is  called  sea  salt ;  when  got 
firom  other  sources,  it  is  termed  rock  saJi.  For  procur- 
ing it  from  sea  water,  different  processes  are  followed, 
according  to  the  temperature  of  the  place.  It  is  well 
known,  that  when  water,  holding  a  salt  in  solution,  is 
frozen,  it  deposits  the  whole  of  the  salt ;  thus,  the  ice 
found  in  the  polar  regions,  when  melted,  affords  pure 
water.  In  cold  countries,  advantage  is  taken  of  this. 
The  sea  water  is  received  into  large  shallow  pits,  in 
which  most  of  it  is  frozen,  and  deposits  the  salt,  so  that 
the  fluid  beneath  contains  a  much  greater  quantity  than 
before.  The  ice  is  therefore  broken,  and  the  fluid  eva- 
porated, by  wliich  its  salt  is  obtained.  In  warm  climates, 
sea  water  is  likewise  collected  in  pits,  which  communi- 
cate with  each  other.  When  that  in  the  first  is  made 
sufliciently  strong  by  spontaneous  evaporation,  it  is 
drawn  into  the  second,  and  so  on  successively,  till  it  ar« 
rives  at  the  last,  in  which  it  is  nearly  a  saturated  solu- 
tion ;  of  course,  by  farther  evaporation,  the  salt  is  depo- 
sited. In  this  country,  sea  salt  is  obtained  by  artificial, 
aided  by  spontaneous  evaporation.  For  this  purpose, 
the  water  is  received  into  a  large  reservoir,  from  which 
it  is  constantly  evaporating,  and  after  this,  is  pumped 
into  shallow  pans,  under  which  a  strong  fire  is  applied. 
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Ai  the  fluid  is  evaporated,  the  salt  is  gradually  formed 
DO  the  surface,  and  falls  to  the  bottom,  from  whioh  it  is 
vaked  out,  and  put  into  baskets  to  drain.     The  saline 
matter  obtained  by  these  different  processes,  is  not  pure 
muriate  of  soda ;  it  contains  other  salts,  which  give  it  a 
disagreeable  taste,  and  render  it  unfit  for  many  purposes 
for  which,  when  pure,  it  is  so  much  prized ;  different 
methods  have  therefore  been  followed  for  purifying  it, 
the  principal  of  which  is  that  recommended  by  Lord 
Dundonald,  founded  on  the  fact,  that  it  is  not  more  so- 
luble in  boiling  than  in  cold  water,  while  the  reverse  is 
the  case  with  the  other  substances  with  which  it  is  mix- 
ed.    A  saturated  solution  of  the  saline  matter  is  made 
at  a  natural  temperature,  and  after  being  brought  to  a 
boiling  heat,  is  poured  on  another  portion  of  salt,  placed 
in  a  conical  vessel,   with  the  point  down,  and  having  a 
small  opening  in  it.     As  the  impurities  are  more  soluble 
in  warm  than  in  cold  water,  more  of  them  is  dissolved, 
but  there  is  no  action  on  the  muriate  of  soda,  so  that, 
by  repeated  washings  in  this  way,  nearly  the  whole  is 
removed.     Still,  however,  the  salt  is  not  quite  pure,  and 
hence  the  preference  given  to  rock  salt,  at  least  for  cep* 
tain  purposes,  as  it  contains  so  little  of  the  foreign  in- 
gredients ;   indeed,  in  some  places,  it  is  almost  free  from 
them.     When  rock  salt  is  not  pure,  after  being  bruised, 
it  is  dissolved,   and  the  solution  filtered  and  evaporated^ 
by  which  muriate  of  soda  is  procured. 

Sea  salt,  besides  its  use  as  a  seasoning  to  food,  is  em- 
ployed largely  in  the  arts.  Its  use  in  generating  cold, 
and  in  preparing  muriatic  acid,  ha^  been  already  de- 
scribed. From  its  power  of  preventing  putrefaction,  it 
is  used  in  preserving  meat,  fish,  and  butter.  It  is  em- 
ployed in  the  manufacture  of  pottery,  for  giving  a  glaz- 
ing to  some  kinds  of  earthenware,  and  in  the  making  of 
glass  and  soap,  to  the  latter  of  which  it  imparts  hardness. 

Perhaps  the  most  important  process  carried  on  with  it, 
is  decomposing  it,  to  make  it  jrield  soda. '  This  was  at 
one  time  carried  on  by  the  addition  of  litharge,  a  com- 
pound of  oxigen  and  lead,  which  unites  with  the  muria- 
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.tic  ^id,  and  sets  the  soda  free ;  but  it  has  been  abail- 
.doned  as  unprofitable.  The  only  method  now  followed* 
is  to  convert  it,  by  the  addition  of  sulphuric  acid,  into 
•sulphate  of  soda,  and  afterwards  to  decompose  the  sul- 
phate;  and  the  residuum  of  the  process  for  preparing 
muriatic  acid,  is  commonly  employed  for  this  purpose. 
It.  is  mixed  with  charcoal  and  chalk,  or  lime,  and  sub- 
jected to  a  strong  heat  for  some  hours,  by  which  the 
sulphuric  acid  is  destroyed,  the  charcoal  uniting  with 
its  oxigen  to  form  carbonic  acid,  which  is  left  combined 
with  the  soda,  while  the  sulphur  and  lime  form  a  sul- 
phuret,  so  that,  by  dissolving  the  product,  filtering,  and 
evaporating,  crystals  of  carbonate  of  soda  are  obtained* 
They  are  not,  however,  pure,  but  they  are  sufficiently  so 
for  most  of  the  purposes  to  which  they  are  applied.  It 
is  in  this  way  that  a  great  deal  of  the  soda  now  used 
by  soap-makers  and  bleachers  is  prepared. 

Muriate  of  Ammonia, 

Muriate  of  ammonia,  commonly  called  Sal  Ammoniac^ 
has  been  long  known  and  in  use  in  the  arts.  As  gene- 
rally obtained,  it  is  in  large  cakes  of  a  semicircular  form, 
owing  to  the  figure  of  the  vessel  in  which  it  is  prepared. 
It  is  very  tough,  and  reduced  to  powder  with  great  diffi- 
culty. 

It  requires  3.26  of  cold,  and  about  its  own  weight  of 
boiling  water,  to  dissolve  it,  and  during  solution  there 
is  a  fall  of  temperature. 

.  When  subjected  to  heat,  it  sublimes,  and  is  again  con- 
densed, unchanged  in  its  properties,  on  the  cool  part  of 
the  apparatus. 

When  exposed  to  the  atmosphere,  it  becomes  moist. 

The  composition  of  muriate  of  ammonia  is  easily  deter- 
mined. When  equal  volumes  of  muriatic  acid  and  am- 
monia gases  are  mixed,  the  whole  is  condensed  in  the 
form  of  a  white  powder,  so  that  their  proportions  must 
be  as  their  specific  gravities ;  that  is,  1284  to  590 ; 
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.    and  as  1S84 :  590  : : 

46.25:21.25; 

wo  that  it  is  a  compound  of 

1  atom  of  acid, 

46.25     or 

69 

1  atom  of  ammonia. 

21.25 

SI 

and  its  atom  will  be      68.5  100 

The  salt  of  commerce  contains,  however,  water  of  crys- 
tallisation, according  to  Berzelius,  not  less  than  19 
per  cent. ;  but  as  this  is  not  in  atomic  proportion,  there, 
must  either  be  some  inaccuracy  in  the  experiments  by 
which  it  has  been  determined,  or  the  water  must  be  con- 
sidered not  in  chemical  combination  with  the  salt.  ^ 
Muriate  of  ammonia  is  decomposed  by  some  of  the 
adds.  .  Perhaps  the  most  important  decomposition  is 
with  nitric,  by  which  an  impure  aqua  regia  is  form- 
ed, and  which  is  much  employed  in  the  arts.  It  is  pre- 
pared by  putting  3  parts  of  the  powder  of  the  salt  inta 
1  of  acid,  in  a  flask,  and  applying  a  very  slight  heat,  till 
the  whole  is  dissolved.  In  this  case,  part  of  the  nitric 
unites*  with  the  ammonia,  and  sets  free  muriatic  acid,; 
which  acts  on  the  rest  of  the  other,  as  when  the  pure 
adds  are  used,  (seep.  333. J  so  that  the  only  differences, 
in  the  product  is  its  containing,  besides  aqua  regia,  a 
little  of  the  compound  formed  by  the  union  of  the  ammo-' 
Hia  and  nitric  acid,  but  which  is  not  at  all  injurious  in 
the  processes  in  which  it  is  used. 

It  has  been  already  mentioned,  (p.  98.)  that  sal  am- 
moniac generates  cold  during  solution  in  water ;  if  it  be 
mixed  with  an  equal  quantity  of  nitre,  both  reduced  to 
powder,  and  dissolved,  the  cold  becomes  still  more  in- 
tense. The  proper  proportions  are  4  of  the  mixture  to 
5  of  water,  and  there  is  no  waste  of  the  materials,  be- 
cause the  product,  which  is  merely  a  solution  of  the  salts,- 
Biay  be  procured  by  boiling  to  dryness,  and  will,  after 
being  powdered,  answer  for  the  same  purpose.  Being 
therefore  economical,  when  ice  cannot  be  procured,  it  is 
much  employed  for  cooling  receivers  into  which  vapourer 
are  to  he  condensed,  during  distillation,  and  for  other 
purposes  of  a  similar  nature. 
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Sal  ammoniAo  was  first  procured  from  the  .  dung 
of  aaimals,  a  process  long  carried  on  in  Egypt.  It 
18  DOW)  however,  prepared  by  the  decomposition  of 
substances  containing  its  ingredients.  The  method  for- 
merly practised  by  the  late  Dr  Hutton,  consisted  in 
adding  oil  of  vitriol  to  soot,  filtering  the  mixture,  and 
evaporating  to  dryness.  The  residuum  was  then  mixed 
with  sea  salt,  subjected  to  heat  in  a  close  vessel,  to  which 
a  top  was  adapted,  and  into  which  sal  ammoniac  was 
sublimed  and  condense^.  Coal,  when  burned,  yields  a 
considerable  quantity  of  limmonia,  formed  by  the  union 
of  hydrogen  and  nitrogen,  which  exist  in  it,  so  that, 
when  sulphuric  acid  is  added  to  soot,  it  combines 
with  the  alkali,  and  forms  a  sulphate,  which,  when 
mixed  with  sea  salt,  undergoes  decomposition,  and 
muriate  of  ammonia  and  sulphate  of  soda  are  the  pro- 
ducts. 

Another  mode  of  preparing  sal  ammoniac,  is  by  the  de« 
anoposition  of  the  ammoniacal  fluid  given  off  during  the 
preparation  of  coal  gas,  and  which  is  collected  in  a  parti- 
eular  part,  of  the  apparatus  destined  for  that  purpose. 
(Sfe  Coal)  It  is  a  hydro-sulphate  of  ammonia,  so  that,, 
when  mixed  with  sulphuric  acid,  it  becomes  a  sulphate^ 
and  is  then  decomposed  by  sea  salt,  as  already  described. 
In  some  places,  muriate  of  ammonia  is  prepared  by  the 
direct  union  of  its  ingredients,  the  alkali  being  procured 
by  the  decomposition  of  animal  matter,  which,  when  heat- 
ed, gives  off  ammcMiia,  by  the  union  of  part  of  the  hydro, 
gen  and  nitrogen  always  existing  in  it.  For  this  pur-« 
pose^  old  bones,  horns,  hoofs,  &c*  are  subjected  to  heat 
in  a  retort,  and  the  ammonia,  disengaged,  is  conveyed  into 
aiarge  leada;i  chamber,  into  which  also  is  thrown  muria- 
te acid  gas,  derived  from  the  decomposition,  either  of 
sea  salt  or  of  the  Utiem  of  sea  water,  and  which  contains 
muriate  of  magnesia. 

.  Sal  ammoniac  is  employed  abundantly  in  the  acts.  Its 
use  in  preparing  aqua  regia,  and  for  generating  caid^ 
has  been  already  noticed.  •  It  is  used  in  soldering  some 
of  the  metals,  and  in  tinning  iron  and  copper,  a  layer  of 
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Ibe  salt  being  put  on  the  metals,  to  prevent  the  action  of 
the  air  at  the  temperature  to  which  they  are  subjected* 
It  is  used  also  by  dyers  in  preparing  some  of  their  dyes^ 
and  it  is  decomposed  so  as  to  make  it  yield  its  alkali. 
(See  Lime.) 

Hydkiodatbs. 

The  hjfdriodaiea  of  potassa  and  9oda  are  formed  in  the 
process  for  procuring  the  iodates,  (p.  419*)  But  with 
their  properties  we  are  little  acquainted.  Like  the  other 
hydr-acid  salts,  when  subjected  to  heat,  they  undergo  de* 
composition,  and  become  iodurets. 

H^riodaie  of  ammonia  is  formed  by  the  direct  union 
of  the  ingredients. 

When  detailing  the  properties  of  carbonate  of  soda,  it 
was  mentioned  that  kelp,  from  which  the  carbonate  is 
frequently  procured,  contains  iodine.  It  exists  in  it  as 
a  hydriodate,  or  rather  ioduret,  by  the  decomposition  of 
which  it  is  always  obtained.  For  preparing  it,  the 
saline  matter  left  on  the  evaporation  of  the  iM>lutioa 
of  kelp,  and  from  which  the  free  alkali  has  been  removed 
by  the  oil  in  the  manufacture  of  soap,  is  put  along  with- 
an  equal  quantity  of  sulphuric  acid  into  a  retort^  to  which 
a  receiver  is  adapted.  On  the  application  of  a  slight 
heat,  iodine  vapour  and  sulphurous  acid  come  oveir,  the. 
latter  of  which  escapes,  while  the  former  is  condensed  in 
the  cool  part  of  the  apparatus,  in  dark  shining  scales. 
To  purify  it,  it  is  again  placed  into  a  retort,  with  a  little 
water,  and  distilled  o£P,  the  water  being  used  with  the 
view  of  retaining  any  adhering  acid. 

In  this  experiment,  the  ioduret  in  the  kelp  salt  beccxnes 
hydriodate,  by  decomposing  the  water  of  the  oil  of  vitriol, 
upon  which  the  sulphuric  acid  then  acts.  Part  of  it 
unites  with  the  alkali,  and  disengages  hydriodic  acid, 
but  whioh  is  also  decomposed,  its  hydrogen  uniting  with 
oxigen  from  the  remainder  of  the  sulphuric,  to  form  wa- 
ter»  and  thus  liberating  iodine  and  sulphurous  add. 

Am  the  sulphurous  acid  in  this  process  is  very  offendve. 
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and  apt  to  carry  off  some  of  the  iodine  with  it,  it  has  been 
proposed  to  prevent  its  formation,  by  presenting  to  the 
hydriodic  acid  a  substance  which  parts  with  its  oxigen 
easily,  and  for  this  purpose,  the  metallic  compound  call- 
ed black  oxid  of  manganese  is  used,  which,  when  acted 
on  by  sulphuric  acid,  with  the  aid  of  heat,  gives  off  oxi- 
gen. A  mixture  of  1  part  of  this  oxid,  and  2  of  each  of 
the  other  substances,  is  placed  into  the  retort,  and  heat 
applied,  the  hydriodic  acid  from  the  salt,  and  oxigen 
from  the  oxid,  coming  off  together  ;  the  latter  unites  with 
the  hydrogen  of  the  former,  and  produces  water,  while 
the  iodine  escapes  in  vapour,  and  is  condensed  in  the  cool 
part  of  the  apparatus. 

Fluates. 

Fluoric  unites  with  the  alkalies,  and  forms  a  class  of 
salts  called ^na^f^,  the  properties  of  which  have  not  been 
inihutely  examined. 

Filiate  of  Potassa^  prepared  by  the  saturation  of  the 
acid  with  potassa,  has  a  sharp  taste,  and  soluble  in  water. 
It  undergoes  watery  fusion,  and  is  deliquescent  Wh^i 
the  solution  is  evaporated  to  dryness,  the  salt  probably 
becomes  fluorid  of  potassium.  It  is  decomposed  by  sul- 
phuric acid,  which  unites  with  the  base,  and  disengages 
the  acid. 

Fluate  qfaoda^  formed  by  a  similar  process,  is  also  so- 
luble ;  but  it  decrepitates  by  heat,  and  does  not  suffer  any 
change  on  exposure  to  air.  It  is  also  decomposed  by 
sulphuric  acid. 

Fluate  of  ammonia  is  also  soluble,  and,  during  its  so- 
lution, undergoes  decomposition,  owing  to  the  expulaioa 
of  part  of  the  ammonia.  When  heat  is  applied  Co  the 
dry  salt,  it  is  volatilized. 

Hydbo-Cyanates. 

The  salts  formed  by  the  union  of  hydro-cyanic  add 
and  the  alkalies,  called  hjfdfXH:j^anaie9,  are  kept  with  very 
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great  di£Bculty,  being  8o  easily  decomposed.  They  are 
all  formed  by  the  neutralization  of  the  acid  by  the  alka- 
lies. 

Hydrtycyanate  qfpotassa  is  soluble  in  water,  its  solu- 
tion changing  blues  to  green.  It  is  decomposed  by  acids, 
which  unite  with  its  alkali,  and  set  hydrocyanic  acid 
free.  When  exposed  to  heat,  it  undergoes  the  same 
change  as  the  muriate,  the  hydrogen  of  the  acid  and  oxi- 
gen  of  the  potassa  uniting  to  form  water,  while  the 
cyanogen  and  potassium  yield  cyanuret,  and  which, 
when  thrown  into  water,  again  becomes  hydro-cyanate. 

Hydro-^anate  of  soda  is  similar  in  its  properties  to 
that  of  potass. 

Hydro-cyanate  of  ammonia  is  also  soluble,  and  may 
be  obtained  from  its  solution  in  crystals,  which  are 
8o  volatile,  that  at  a  temperature  of  72,  the  vapour 
rising  from  them  will  support  a  column  of  mercury  of 
about  15  inches,  and  at  97,  one  of  about  30,  so  that 
it  is  equal  to  the  pressure  of  the  air  itself.  This  hydro- 
cyanate  may  also  be  obtained,  by  subjecting  Prussian  blue 
to  heat,  in  a  small  retort,  by  which  slender  crystals  are 
deposited  in  the  cool  part  of  the  apparatus. 

Hydho-Sulpho-Cyanates. 

The  hydro-sulpho-cyanates  are  in  general  prepared  by 
the  decomposition  of  the  salt  called  Ferro-cyanate,  or 
Pniasiate  of  Potassa,  and  which  contains  an  acid,  having 
cyanogen  and  iron  as  its  base,  in  union  with  hydrogen. 
For  this  purpose  equal  weights  of  flowers  of  sulphur  and 
the  salt  are  exposed  to  heat,  by  which  the  mixture  is 
faied  and  inflamed,  and,  having  allowed  the  combus- 
tion to  cease,  it  is  to  be  kept  on  the  fire  for  two  or  three 
minutes  longer,  and  well  stirred.  It  is  then  sulpho-cya- 
nate,  or  rather  hydro-sulpho-cyanate,  the  sulphur  having 
combined,  partly  with  the  iron,  to  form  a  sulphuret,  and 
partly  with  the  cyanogen  and  hydrogen,  to  produce 
bydnKsuIpho-cyanic  acid.  According  to  some,  however, 
the  substance  obtained  in  this  process  is  not  a  compound 


442  HYDRO-XANTHATES. 

salt,  but  a  sulpho-cyanuret  of  potassium,  and  becomes  a 
salt  when  thrown  into  water,  by  the  oxigen  uniting  with 
the  potassium,  and  the  hydrogen  with  the  sulpho-cyanu- 
ret ;  if  so,  the  body  employed  in  its  preparation  must  be 
considered  a  ferro-cyanuret  of  potassium,  so  that  the  sul- 
phur will  combine  partly  with  iron,  partly  with  the  cya- 
nogen, and  that  produced  by  the  latter  will  be  left  in 
union  with  the  metallic  base.  The  solution  of  the  sul- 
pho-cyanuret, of  course,  containing  a  hydro-sulpho-cya- 
nate,  yields,  on  evaporation,  transparent  crystals,  which 
are  very  deliquescent.  When  acted  on  by  acids,  it  is  de- 
composed, and  hence  the  method  of  procuring  its  add. 
For  this  purpose  a  concentrated  solution  of  the  salt  is 
mixed  with  as  much  sulphuric  acid  as  will  saturate  the 
potassa,  and  the  mixture  being  put  into  a  retort,  is  sub- 
jected to  distillation,  by  which  hydro-sulpho-cyanic  acid 
comes  off,  and  may  be  condensed  in  a  cool  receiver. 

The  hydro-sulpho-cyanate  contains  an  atom  of  each  of 
its  ingredients ;  and  as  there  is  an  atom  of  oxigen  in 
the  oxid,  and  of  hydrogen  in  the  acid,  hence,  when  dried, 
the  latter  forms  water,  leaving  sulpho-cyanuret  of  pot- 
assium. 

Htdro-Xanthates. 

It  has  been  already  mentioned,  (p.  283.)  that  when 
sulphuret  of  carbon  is  treated  with  an  alcoholic  solution 
of  potassa,  the  alkali  is  found  to  be  united  to  an  acid 
containing  hydrogen  in  union  with  sulphur  and  carbon 
as  a  base,  and  which  has  been  called  xanthogen,  from 
the  yellow  colour  of  some  of  its  compounds. — Hence  the 
method  of  forming  hydro-xanthates.  For  this  purpose 
the  sulphuret  is  added,  in  small  successive  portions,  to 
the  alcoholic  fluid,  till  the  whole  of  the  potassa  is  neutra- 
lissed,  after  which  it  may  be  made  to  yield  crystals,  either 
by  reducing  its  temperature,  or  by  evaporation  under  an 
exhausted  receiver  along  with  sulphuric  acid. 

The  hydro-xanthate  thus  prepared,  is  in  needle-formed 
colourless  crystals,  but  which  become  yellow  by  exposure 
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to  air.  It  has  a  peculiar  odour,  and  a  sulphureous  t^ste. 
It  18  soluble  in  water,  affording  a  solution  at  first  trans- 
parent, but  soon  becoming  turbid,  from  the  decomposi- 
tion of  part  of  the  acid. 

When  subjected  to  heat  in  close  vessels,  it  is  decom- 
posed, an  oily  fluid  being  distilled  over,  along  with  a 
gaseous  matter,  consisting  of  carbonic  acid  and  sulphu- 
retted hydrogen.  When  heated  in  air  it  is  kindled,  and 
bums  with  a  bluish  flame. 

On  the  addition  of  diluted  sulphuric  or  muriatic  acid, 
a  heavy  oily-looking  substance  is  deposited,  which  is 
hydro-xaDthic  acid ;  and  hence  the  method  of  preparing 
it,  merely  by  the  addition  of  the  diluted  acid,  till  the 
alkali  is  saturated  with  it. 


SECTION  IX. 


SUBSTANCES  FORMING  SALIFIABLE  BASES, 
COMMONLY  CALLED  EARTHS. 


J.  HE  earths  are  solid  brittle  substances,  white,  inodo- 
rous, and  in  general  insipid.  They  are  not  affected  bj 
heat,  unless  very  intense.  With  the  exception  of  two, 
they  are  sparingly  soluble ;  indeed,  some  are  insoluble. 
They  are  not  inflammable.  Their  sp.  gr.  never  exceeds 
4500. 

The  greatest  part  of  the  surface  of  the  globe  consists 
of  the  earths  ;  they  are  therefore  of  peculiar  interest,  not 
only  from  their  abundance,  but  from  their  use  in  agricul- 
ture, medicine,  and  the  arts.  When  we  take  a  superficial 
view  of  the  fossils  composing  the  crust  of  the  globe,  we 
perceive  an  immense  variety ;  but  when  we  examine  them 
chemically,  we  find  that  the  diversity  is  occasioned  by 
the  combination  of  few  substances.  The  earthy  bodies 
do  not  exceed  eleven  in  number,  and  of  these,  six  are 
rarely  met  with ;  so  that,  by  the  union  of  five,  almost 
all  fossils  are  produced. 

The  earths  are,  lime,  magnesia,  baryta,  strontia,  alumi- 
na, silica,  y  ttria,  zirconia,  and  glucina,  to  which  have  been 
lately  added,  lithia  and  thorina.  They  have  been  divided 
into  two  classes,  the  alkaline  earths,  and  the  earths  pra^ 
per, — the  former  so  called  because  they  are  soluble  in 
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water)  add  their  solution  changes  vegetable  blues  to 
green, — the  latter,  because  they  are  insoluble. 
.  The  earths,  like  the  fixed  alkalies,  were  long  considered 
simple  bodies.  After  the  discovery  of  the  composition  of 
the  latter,  Sir  H.  Davy  was  naturally  led  to  suppose 
that  the  former  might  be  similar  in  their  composition  ; — 
that  they  might  be  compounds  of  a  metallic  base,  and 
oxigen,  a  supposition  which  has  been  verified  by  experi- 
ment. The  metallic  bases  of  some  of  them  have  been 
obtained  in  their  separate  state,  and,  though  those  of  the 
others  have  not  yet  been  got  pure^  yet  the  results  of  their 
analyses  prove,  beyond  doubt,  that  in  their  composition 
they  are  the  same. 
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After  Sir  H.  Davy  had  discovered  the  compound 
nature  of  potassa  and  soda,  he  endeavoured  by  a  similar 
process  to  ascertain  whether  lime  was,  like  them,  compos- 
ed of  oxigen  and  a  metallic  base.  By  subjecting  it  to 
the  action  of  a  powerful  galvanic  battery,  it  seemed  to 
be  decomposed.  About  the  same  time  Berzelius  and 
Pontin  succeeded  in  decomposing  it,  by  negatively  elec- 
trifying it  while  in  contact  with  mercury,  by  which  the 
metallic  base  was  procured ;  and  by  this  process,  slightly 
modified,  Davy  succeeded  in  obtaining  a  sufficient  quantity 
to  enable  him  to  .  ascertain  a  few  of  its  properties.  He 
made  a  thick  paste  of  lime  and  red  oxid  of  mercury,  and 
placed  it  on  a  platinum  cup,  connected  with  the  positive 
end  of  the  trough.  A  cavity  was  then  made  on  its  sur- 
face, into  which  a  globule  of  mercury  was  poured,  and  by 
connecting  this  with  the  wire  from  the  opposite  end,  an 
amalgam  was  obtained,  consisting  of  the  mercury  and 
the  metallic  base  of  the  lime,  and  which,  when  heated  in 
tubes  with  naphtha,  gave  off  the  mercury,  and  left  the 
other  pure.     To  this  the  name  of  calcium  has  been  given. 

Calcium  was  white  like  silver  ;  when  exposed  to  air,  it 
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attracted  oxigen,   and  formed  lime.     When  heated  in 
air,  it  burned  with  brilliancy,  also  forming  lime. 

According  to  the  experiments  of  Berzelius,  lime  is  com- 
posed of 

calcium,         -         .         -       100 
oxigen,         -        -         .         38.67 
From  the  experiments  of  Dr  Thomson,    the  atomic 
weight  of  calcium  is  25, 

and  as  100  :  88.57 : :  26  :  9.6; 

so  nearly  10,  that  we  may  consider  lime  as  composed  of 

1  atom  calcium,         ...         26 

1  atom  oxigen,         -         -  -  10 

and  its  atomic  weight         36 

Lime. 

Lime  is  by  far  the  most  useful  and  abundant  of 
the  earths.  When  pure,  it  is  white,  moderately  hard^ 
and  brittle.  It  has  a  hot  pungent  taste,  and  corrodes 
powerfully  both  animal  and  vegetable  matter*  Its  sp.  gr. 
is  2300.  When  exposed  to  the  heat  of  a  powerful  fur- 
nace, it  IS  not  fused  ;  but  it  may  be  liquefied  by  the  oxi- 
hydrogen  blowpipe,  and  it  then  forms  a  transparent 
glass. 

It  has  a  very  powerful  attraction  for  water,  absorbing 
it  with  great  avidity,  and  the  action  between  them  is  pe- 
culiar. When  water  is  poured  on  it,  it  is  absorbed  with 
a  hissing  noise,  the  lime  becomes  warm,  swells,  and  at 
last  falls  down  in  powder  ;  at  the  same  time  heat  is  gene- 
rated, sufficient  to  drive  off  part  of  the  fluid  in  vapour. 
If  the  quantity  is  considerable,  the  heat  becomes  very  high, 
as  there  are  well-authenticated  instances  of  ships  having 
been  set  on  fire  by  the  lime  with  which  they  were  loaded 
having  absorbed  water,  owing  to  the  vessel  being  leaky. 
If  the  process  be  conducted  in  the  dark,  light  is  also 
emitted.  The  evolution  of  heat,  and  the  pulverisation  of 
the  lime,  are  easily  accounted  for.  The  water,  by  uniting 
with  the  earth,  becomes  solid,  and  of  course  gives  forth  its 
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latebt  caloric,  and  as  the  temperature  is  sufficient  to  form 
▼apour,  the  expansive  force  of  this  separates  the  particles, 
just  as  in  common  cases  of  decrepitation.  This  process 
is  called  the  slaking  of  lime  ;  the  compound  is  slaked 
Ume.     It  is  of  course  a  hydrate. 

According  to  Dalton,  100  of  lime  absorb,  during  slak- 
ing, 38.3,  and  according  to  Berzelius,  32  of  water,  the  last 
of  which  we  are  to  consider  as  nearest  the  truth,  for  if 
the  hydrate  be  a  chemical  compound, the  ingredients  must 
be  in  atomic  proportions. 

And  as  100:  32::  36: 11.20; 
so  nearly  11.25,  that  we  must  consider  the  hydrate  to 
consist  of 

1  atom  of  lime,  -  35 

and  1  atom  of  water,  -  11.25 

making  100  to  absorb         -  32.14. 

Though  lime  has  a  powerful  affinity  for  water,  it  is 
but  sparingly  soluble,  and,  what  is  very  remarkable,  it  is 
more  so  in  cold  than  in  warm  water.  According  to  Dal- 
ton,  at  60  it  requires  778,  and  according  to  Philips  752, 
for  solution.  Dalton  states  that  water  at  60  dissolves 
l-788th  of  pure  lime,  and  1.584th  of  slaked  lime,  but  at 
»2,  only  l-1270th  of  the  former,  and  l-952d  of  the  lat- 
ter.  Hence,  if  a  cold  solution  be  boiled,  excluded  from 
air,  minute  particles  of  lime  are  deposited. 

It  is  evident  from  this,  that  crystals  cannot  be  obtained 
by  the  evaporation  of  a  warm  solution,  but  Gay  Lussac 
succeeded  in  procuring  them  by  keeping  lime  water  under 
an  exhausted  receiver  along  with  sulphuric  acid.  They 
were  in  the  form  of  minute  hexaedrons,  and  consisted  of 
lime  with  water  of  crystallization  in  the  same  proportions 
as  those  of  slaked  earth. 

Lime  water  is  transparent  and  colourless.  It  has  a 
styptic  taste,  and,  like  the  alkaline  solutions,  has  the 
power  of  changing  vegetable  blues  to  green,  and  hence 
it  is  that  lime  has  been  considered  an  alkaline  earth. 

When  lime  water  is  exposed  to  air,  it  very  jsoon  ac- 
quires a  crust  on  its  surface,  and  if  the  fluid  be  shaken 
occasionally,  the  whole  of  the  earth  is  deposited  in  the 


/fe]Mfaf'fcat*b4natei  owiog.ito-  the  abeorptMA  of  tcoilipiiic 
^fiQidtfrcHd  tW^txnosphere.-    That  the  lime  i^  remqveiiiy  is 

:priiVf4  by  the  loss  of  taBl39>  andby  the  want  qf  ,a^tMP 
^vsth^ve^taUe  oolourd.  Hence  the  J^eoesttty  .q{  ke^hig 
the  solution  io  well-stoppered  botde$.  i  The  bjs^t.fnetho^ 
of  having  a  store  of  Unie  water,  is  to  put  a  cpo^d^rnUe 
iquaotityiiE>f  slaked  lime  into  a  large  bottJks  wJiidi  Jliiidt 
be  always  kept  full,^  water  being  poured  'in  wihen.a^y  of 
the  eolutioD  is  taken  out,  by  which  means,  should  ai^  ^l 
the  earth  be  deposited  in  the  form  of  carboDate,  the  l^r^^ 
can  dissolve  more,  and  thns  remain  always  saturated*.... 1 
Lime  itself,  when  exposed  to  the  atmosphere^  ab^qfjis 
moisture  and  carbonic  acid,  by  which  it  is  ^ad,^lMfa^ 
slaked  and  convierted  to  carbonate ;  and  hence  also  ,me 
necessity  of  keeping  it  excluded  as  much  as  possib^42pfP 
ilir..  .  '  •  :  ii„) 

•  Th6  action  between  lime  and  some  of  the  simple^^jijli- 
.stanoes  .  is  iiklportant^  more  particularly  with  pbo«|^||^ 
rusy'-aulpbury  and  chlorine.  ..j  .r^,nT 

\    -..i-.y  Phusphuret  of  Calcium. 

When  pbospliorus  is  made  to  act  on  lime  in.  ikf  4(y 
way,  a '  dark-coknired  compound  is  formed,  cpn^i^p^ 
called  PJiosphuret  ofLime^  but  which. i$>p((obal?]i|yi A-flf^Hf- 
ture  of  phosphate  of  lime  and  phosphuret  of  calcium. 

For  preparing  it,  a  grectt  gliiss  tiibe,  about  two  feet  in 

length,  and  half  ai3L:inch.in  diameter,  shut  at  ooff.mA  ^ 

coat^  Wth  clayiand  sand.     At'  the.^hut.  end^  Hpoujljj/i 

drsicbm. of.  phosphorus  is  placed^   and.  over  thi^  .4IV9^ 

.pieces  of  lime,  which  must  be  brought  to  a  red  heat»  \^ 

jMiS9Jag  .the  tube,  through  a  chauffer,  the  pbospb9rMS.fAt 

the  same  time  being  kept  cool.     When  properly  ^gi(e(}, 

the  phosphorus  is  then  to  be  melted,  and  made  to  pass 

in  vapour  over  the  hot  earth,  by  which  the  action  takes 

'filfW'  and  thephcvspburet  is  formed.     When  cp)4>  i^ 

^^ugb^.fo  be  removedi  and  kept  in  a  welLcorked  pbjf^  fi 

i,,  lAjhisje\perii]sent». it, is  probable  that  the  lip^f^  is  fji^- 

«,cpmpased,  pact  of  thie. -phosphorus  uniting  with  .its  q|4- 

g^  Xfi^  form  antacid,  wbilft  the  remainder  corabkjt^i^jth 

the  calcium  to  generate  a  phosphuret.  .f.  . 
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The  phosphtiret  thus  obtained,  is  of  a  dark  brown  oo- 
hxir,  and  has  a  peculiar  odour.  The  action  between  it 
and  water  is  remarkable.  When  thrown  into  it,  bubbles 
of  gas  are  disengaged,  which,  the  moment  they  escape 
into  the  air,  are  inflamed ;  they  are  therefore  phosphu- 
retted  hydrogen,  the  oxigen  of  the  water  having  united 
with  the  calcium,  and  the  hydrogen  with  the  phosphorus. 

The  action  between  phosphorus  and  lime,  when  water 
is  present,  is  also  important,  phosphuretted  hydrogen 
gas  being  evolved ;  and  hence  ^e  method  generally  fol- 
lowed in  procuring  it.  For  this  purpose,  the  bulb  of  a 
small  retort,  with  a  narrow  neck,  is  filled  with  a  thin 
paate  of  lime  and  water,  and  into  it  a  few  pieces  of  phos- 
phoruB  are  afterwards  introduced,  and  thrust  into  the 
mixture ;  on  the  application  of  heat,  the  mouth  of  the  re-, 
tort  being  kept  in  water,  bubbles  of  gas  begin  to  make 
their  escape,  and  after  these  have  continued  to  flow  for. 
some  time,  they  may  be  collected  in  a  small  jar,  or  they, 
may  be  allowed  to  issue  from  the  water  into  the  air,  by. 
which  they  are  instantly  inflamed.  In  this  case,  the  wa^ 
ter  undergoing  decomposition,  gives  its  oxigen  to  part  of 
the  phosphorus  to  form  an  acid,  which  is  left  in  union 
with  the  lime,  and  its  hydrogen  to  another  part  to  form 
phosphuretted  hydrogen. 

Sulphur  and  Lime. 

Sulphur  does  not  act  with  lime  when  dry,  but  if  mois* 
tore  be  present,  or  if  they  be  boiled  with  water,  there  is 
a  decomposition  and  formation  of  compounds  with  acids 
of  sulphur,  generated  by  its  entering  into  union  with  the 
ingredients  of  the  water.  They  will  be  described  along 
with  the  salts  of  lime. 

Chlorine  and  Lime. 

The  action  of  chlorine  with  lime  is  important.  When 
it  is  passed  over  it  at  a  red  heat,  oxigen  gas  is  disengage 
ed,  and  chlorid  of  calcium  formed,  for  each  volume  of 
the  former  absorbed,  half  a  volume  of  the  latter  being 
evolved.     The  chlorid  of  calcium  thus  formed^  is  com- 
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posed  of  64  chlorine,  and  86  calcium,  and,  like  others 
already  described,  becomes  muriate  when  thrown  into 
water. 

When  chlorine  is  passed  through  slaked  lime,  it  is  gra- 
dually ab^sorbed,  and  a  powder  is  produced,  long  known 
by  the  name  of  oxi-miuicUe  of  limey  and  now  much  em- 
ployed in  bleaching ;  but  different  statements  have  been 
given  of  its  composition,  some  supposing  it  a  mixture  of 
chlorid  of  calcium  with  muriate  of  lime,  others  a  com- 
pound of  lime  and  chlorine,  and  therefore  a  chlorid. 

It  varies  considerably,  according  to  the  manufactory 
from  whicli  it  is  procured,  so  that  it  would  appear 
not  to  be,  strictly  speaking,  a  chemical  compound  or 
chlorid,  but  merely  a  powder  holding  chlorine  gas  in  a 
state  of  mechanical  absorption  ;  an  opinion  which  .  seems 
strengthened  by  the  facts,  that  when  slightly  heated, 
chlorine  is  disengaged,  or  when  exposed  to  air  but  for  a 
short  time,  its  properties  are  completely  altered.  One 
sample  analyzed  by  Dalton,  contained 

33  chlorine, 
S8  lime, 
39  water. 

100 
This  substance,  when  thrown  into  water,  is  partly  dis- 
solved. The  insoFuble  matter  consists  almost  entirely 
of  lime.  The  solution,  which  is  transparent  and  colour- 
less, possesses  the  power  of  destroying  colour,  though 
by  no  means  so  much  so  as  that  of  chlorine  itself.  I^ 
for  instance,  a  little  of  it  be  added  to  any  vegetable 
infusion,  the  colour  very  soon  disappears.  The  same  is 
the  case  with  those  of  the  animal  kingdom,  as  with  infu- 
sion of  cochineal.  When  the  colour  is  imparted  to  cloth, 
it  is  also  banished  by  the  solution,  as  may  be  shewn  by 
putting  some  pieces  of  printed  calico  into  it,  and  leaving 
them  there  for  some  hours,  for  in  this  instance,  a  longer 
time  is  required,  than  when  the  infusion  is  used.  It  is 
from.this  power  of  destroying  colour,  that  it  is  now  so 
mucli  employed  in  bleaching. 
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Beiote  proceeding  to  describe  the  process  as  now  con- 
ducted)  it  may  not  be  uninteresting  to  detail  the  steps  ac- 
cording to  the  old  method,  not  only  because  in  many  parts 
they  agree,  but  as  it  affords  a  good  example  of  the  great 
improvement  which  some  of  the  arts  have  received  from 
chemistry. 

The  first  part  of  the  process,  according  to  the  old 
mode,  was  the  stehping,  which  consisted  in  keeping  the 
cloth  for  some  days  in  cold  water,  or  in  a  very  weak  so- 
lution of  potash,  so  that  the  impurities  might  be  loosened 
and  dissolved,  the  potash  acting  on  the  greasy  matter, 
and  forming  with  it  a  kind  of  soap,  after  which  it  was 
wdl  washed.  The  next  operation  was  bucking,  or  boil- 
ing the  goods  in  an  alkaline  solution,  or  what  the  bleach- 
ers call  a  Je^y  after  which  they  were  exposed  on  the 
ground  for  two  or  three  weeks,  and  again  bucked,  wash- 
ed, and  laid  on  the  green,  these  being  in  general  repeat- 
ed four  or  five  different  times,  and  the  ley  made  gradual- 
ly weaker.  After  the  cloth  had  been  subjected  to  these 
different  processes,  it  was  next  submitted  to  that  of 
muring^  which  consisted  in  soaking  it  in  milk  that 
had  been  allowed  to  become  sour,  where  it  remained 
for  two  or  three  weeks,  after  which  it  was  removed,  and 
again  subjected  to  the  processes  described,  till  it  appear- 
ed to  be  quite  cleaned,  in  the  last  washing,  soap  being 
generally  used,  by  which  this  was  more  easily  accom- 
{^shed.  It  has  been  already  mentioned,  that  the  alkali, 
in  the  process  of  bucking,  loosened  the  foreign  matter. 
The  souring,  containing  a  small  quantity  of  acid,  de- 
stroyed the  properties  of  the  alkali,  by  combining  with 
it,  and  thus  prevented  it  from  acting  on  the  cloth  ;  at  the 
same  time,  by  washing  between  each  operation,  any  ex- 
cess of  alkali  or  acid  was  removed,  and  it  was  thus  left 
in  a  state  fit  for  being  whitened  by  exposure  to  air.  In 
this  last  part  of  the  process,  it  was  supposed  to  be  the 
ougen  of  the  atmosphere  that  acted  on  the  colouring  mat- 
ter, and  imparted  whiteness. 

The  bleaching  process  now  described,  was  extremely 
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tedious.  When  begun  in  March>  it  was  seldom  fididied 
till  September,  and  when  the  web  was  not  sent  till  about 
May^  it  was  only  half  bleached  that  year,  and  finished,  jn 
the  spring  of  the  succeeding.  About  the  middle  of  the 
last  century,  a  great  improvement  was  introduced, ,  by 
substituting  for  sour  milk,  very  much  diluted  oil^of  yi- 
triol,  by  which  the  process  was  shortened ;  indeed,  it  W|tf 
completed  in  about  half  the  time,  for  each  souring. did 
not  require  more  than  from  12  to  24  hours,  whereas, that 
with  milk  continued  for  several  weeks.  The  most  ii|i- 
portant  improvement,  however,  was  the  introduction  iff 
chlorine.  Soon  after  this  substance  was  discovered,  Be^- 
thollet  shewed  that  it  might  be  used  with  the  utmoj^t 
success  in  bleaching,  and  it  was  shortly  afterwards  applied 
to  this  purpose  in  Great  Britain.  It  was  first  used  in  the 
gaseous  form,  the  cloth  being  suspended  in  apartmenU 
filled  with  it^  but  for  which  its  solution  in  water  was  soon 
substituted. 

Though  bleaching  had  thus  received  a  very  greitt  jm- 
provement^  with  respect  to  the  shortening  of  time  and 
diminution  of  labour^  it  was  found  that  the  newly  dis- 
covered substance  proved  extremely  injurious  to  ,tb^ 
workmen ;  other  methods  of  using  it  were  accordingly 
tried,  the  first  of  which  was  that  of  combining  it  with^  so- 
lution of  potass,  or  lime,  which  were  equally  eflScaciou^ 
without  being  in  the  least  noxious,  or  even  disagreeablf ;; 
but  it  still  possessed  a  disadvantage,  the  inconvenience  of 
conveying  it  from  the  manufactory  to  the  bleachii^ 
ground.  This  was,  however,  soon  obviated  by  Mr  T^i- 
nant  of  Glasgow,  who  discovered  a  mode  of  combining  U 
with  lime  in  its  dry  state^  in  which  form  it  is  easily  trans- 
ported in  barrels.  The  bleaching  compound  npw  usod* 
and  generally  called  by  bleachers  oai-muriate  of  limCp  ja 
]»epared  merely  by  passing  the  gas  through  slaked  liofie 
kept  in  vessels,  in  which  it  is  constantly  agitated  by  |Df^ 
chinery.  After  it  ceases  to  be  absorbed,  the  produ^,f^ 
removed,  put  into  barrels,  and  as  much  as  possible  .^ 
eluded  from  ain  ,„,(. 

In  the  prpcei^ .  of  bleaching  a^.nQw  conducti^^,  $1^ 
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doth  in  submitted  to  the  previous  steps  of  bucking  and 
soaring,  four  or  five  different  times,  being  well  washed 
after  each  operation.  It  is  then  put  into  a  solution  of 
the  bleaching  compound,  where  it  remains  for  some 
time,  after  which  it  is  washed,  and  again  submitted  to  the 
process  of  souring  and  steeping.  This  immersion  into 
the  bleaching  fluid  is  repeated  several  times,  according 
to  the  nature  of  the  cloth,  being  soured,  steeped,  and 
washed,  after  each  immersion.  When  these  are  finished, 
the  cloth  acquires  a  yellow  tinge,  but  this  is  easily  ba-^ 
nished,  by  exposing  it  on  the  ground  for  a  few  days,  and 
again  boiling  it  for  a  short  time  in  a  weak  solution  of 
potash  and  soap. 

Since  the  introduction  of  the  bleaching  compound, 
the  whole  process,  even  with  large  webs,  never  requires 
asore  than  five  weeks,  and  a  small  piece  of  cloth  may  be 
finished  in  a  few  days.  Besides  this  very  great  improve- 
ment, the  new  process  has  other  advantages ;  the  cloth  is 
not  so  apt  to  be  destroyed,  for,  in  the  old  mode,  the  re- 
peated operations  to  which  it  was  subjected  tended  to 
weaken  it,  whereas  in  this,  the  impurities  only  are  re- 
moved. 

The  process  of  bleaching  now  described,  is  that  prac- 
tised with  linen  goods ;  with  cotton  there  is  no  necessity 
fer  the  latter  part  of  it,  as  it  does  not  acquire  the  yellow 
tinge  by  the  use  of  the  bleaching  compound. 

The  principal  circumstance  to  be  attended  to  in  bleach- 
ing according  to  the  new  process,  is  to  take  care  that  the 
goods  are  well  washed  after  each  operation,  and  that  the 
soliltion  of  the  bleaching  substance  is  not  too  strong,  as 
it  is  then  apt  to  injure  the  cloth.  To  ascertain  this, 
bleachdrs  have  in  general  what  is  called  a  iestjluid^  which 
is  mcfely  a  solution  of  indigo  in  weak  oil  of  vitriol.  In 
ipte^patnisg  the  bleaching  fluid,  it  is  made  of  such  strength, 
that  'a  certain  quantity  of  it  must  destroy  the  colour  of  a 
known  weight  of  the  indigo  solution.  It  is  with  the 
same  vicfw  also,  that  weavers  often  run  a  coloured  thread 
along  the  end  of  their  goods,  by  which  they  know  if  the 
bleaching  ilaid  has  been  of  proper  strength,  for,  when 
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properly  prepared^  it  ought  to  bleach  without  destroying 
the  colour  of  the  thread. 

Befote  finishing  this  subject,  it  may  here  be  remarked, 
that  a  solution  of  the  bleaching  substance  is  very  effica- 
cious for  removing  the  yellow  tinge,  which  linens  al« 
ways  acquire  by  being  worn.  For  this  purpose,  they  are 
kept  for  a  few  days  in  a  weak  solution  of  it,  and  then 
well  washed,  the  solution  being  prepared  by  dissolving 
a  tea-spoonful  in  a  choppin  of  water.  It  is  also  much 
employed  for  taking  out  ink  spots  from  cloth,  or  paper. 
This  is  done  by  applying  the  solution,  by  means  of  a 
hair  pencil,  to  the  part  soiled,  and  after  it  has  remained 
on  for  some  time,  washing  it  off  with  cold  water.  Should 
the  first  process  not  succeed,  it  must  be  repeated, 
taking  care  to  wash  well  after  each  application.  It 
may  even  be  applied  to  printed  paper,  or  copper-plate 
impressions,  as  it  does  not  act  on  the  inks  used  by  print* 
ers  and  engravers. 

Fluorid  of  Calcium, 

The  mineral  called  fluor,  or  Derbyshire  spar,  was  long 
considered  a  compound  of  fluoric  acid  and  lime,  in  the 
proportions  of  S6  of  acid,  and  71  of  base.  Since  the 
views  of  Davy,  with  respect  to  the  nature  of  chlorine, 
have  been  advanced,  it  is  now  supposed  to  consist  of 
Jhiorine  and  adcium^  in  the  proportion  of 

fluorine,        47.S7 
calcium,        5S.63 

Fluor  spar  is  an  abundant  natural  production,  occur- 
ring both  amorphous  and  crystallized.  The  crystals  which 
are  of  different  colours,  as  blue,  green,  purple,  and  yel- 
low, are  cubes,  but  they  vary  considerably,  owing  to  trulls 
cation  and  bevelment.  Its  sp.  gr.  is  8200.  When  gently 
heated,  it  becomes  phosphorescent,  and  different  coloured 
lights  are  emitted,  according  to  that  of  the  spar.  When 
the  heat  to  which  it  is  exposed  is  strong,  it  is  fused,  and 
becomes  a  transparent  glass. 

The  most  important  action  of  this  substance  is  with 
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Milphurio  acid^  by  which  it  is  decomposed,  and  fluoric 
acid  set  free^  and  hence  the  method  of  procuring  it* 

Far  this  purpose,  it  is  necessary  to  employ  metallic 
apparatus,  as  of  silver  or  lead,  because  when  glass  is  used, 
the  siliceous  matter  is  dissolved  by  the  acid.  The  spar 
reduced  to  powder,  is  put  into  the  retort,  and  two  parti 
of  oil  of  vitriol  poured  on  it.  A  receiver  is  adapted  and 
kept  cool  by  ice  and  water,  and  on  the  application  of 
heat  the  acid  gas  comes  off,  and  is  condensed.  In  this 
instance,  if  we  suppose  the  spar  to  be  fluate  of  lime,  the. 
sulphuric  acid  and  lime  form  a  sulphate,  while  the  fluo* 
lie  acid  with  the  water  of  the  oil  of  vitriol  come  off;  but 
on  the  supposition  that  it  is  fluorid  of  calcium,  the  action 
becomes  more  complicated.  Between  the  fluorid  and 
water  of  the  oil  of  vitriol,  there  is  a  double  decomposi- 
tioDy  the  oxigen  uniting  with  the  calcium,  and  the  hy* 
diogen  with  the  fluorine ;  the  one  to  form  lime,  and  the 
other  fluoric  acid,  the  former  of  which  unites  with  the 
sulphuric  acid,  while  the  latter  is  disengaged,  of  course 
free  from  water. 

Fluorid  of  calcium  is  found  also  in  minute  quantity  in 
bones,  and  in  the  enamel  of  teeth. 

Salts  of  Lime. 

Lime  unites  with  the  acids,  and  forms  some  very  in- 
teresting compounds,  more  particularly  with  carbonic, 
phosphoric,  sulphuric,  and  muriatic  acids. 

Carbonate  of  Lime. 

When  carbonic  acid  water,  or  a  stream  of  gas,  is  pass- 
ed through  lime  water,  a  white  precipitate  of  carbonate 
it  formed.  Though  the  carbonate  can  thus  be  procured 
by  the  direct  union  of  its  ingredients,  it  is  never  prepar- 
ed in  this  way  for  use,  being  a  very  abundant  production 
of  nature. 

Carbonate  of  lime  was  at  one  time  supposed  to  be  the 
earth  in  a  state  of  purity ;  and  as  it  was  known  to  lose 
weight  on  the  application  of  heat,  it  was  imagined  to 
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contain  moisture,  which  was  expelled.  Varioua  ^tber  ^9» 
jectures  were  thrown  out  concerning  it,  till  Dr  Black  di»* 
Covered  its  composition.  He  ascertained,  that  besidee 
water,  a  gaseous  fluid  was  also  disengaged,  whiCfh»  mth 
the  watery  vapour,  made  up  the  loss  sustained^ ,  i^ 
that,  on  again  adding  this  gas  to  the  residue,  a  compoupid 
similar  to  that  subjected  to  analysis  was- formed.     • 

Carbonate  of  lime  is  insipid,  inodorous,  and  <  inert, 
with  regard  to  the  animal  frame.  Its  specific  gravity  ia 
9700.  It  does  not  suffer  any  alteration  on  exposure,  to 
air.  It  is  insoluble  in  water.  When  sulyected  to  beat, 
it  is  decomposed,  the  acid  is  expelled,  and  the  lime  left 
pure ;  and  hence  the  method  of  preparing  lime  on  a  large 
scale,  when  required  for  building,  or  for  agricultural 
purposes.  For  this  the  limestone,  broken  to  small  pieces, 
is  mixed  with  coal,  and  thrown  into  a  kiln,  in  which  a 
fire  has  been  previously  kindled,  and  the  heat  generated 
by  the  combustion  is  sufficient  to  drive  off  the  whole  of 
the  acid.  As  the  coal  is  consumed,  the  lime  falls  to  the 
bottom,  and  is  raked  out  through  an  opening  below, 
while  fresh  portions  of  the  mixture  of  ooal  and  limestone 
are  thrown  in  from  above.  In  some  places  a  sort  of  kiln 
is  erected  of  bricks,  at  the  bottom  of  which  is  placed 
straw  or  coal,  and  over  this  alternate  layers  o£  ooal 
and  limestone,  and  the  whole  covered  with  turf,  leaving 
apertures  below  for  the  admission  of  air,  and  a.  vent 
above  for  the  escape  of  smoke.  The  fire  beneath  is 
then  kindled,  and  the  combustion  allowed  to  continue 
till  the  whole  of  the  coal  is  consumed,  by  which  also  the 
carbonic  acid  is  driven  off.  The  lime  is  then  taken  out, 
and  separated  from  the  ashes. 

All  the  acids  decompose  carbonate  of  lime ;  they  unite 
with  the  lime,  and  set  free  the  carbonic  acid,  and  hence  the 
method  of  preparing  this  gas ;  indeed,  it  is  the  oaegtm^ 
rally  practised.  Pieces  of  chalk  are  put  into  a  petort« 
and  a  little  muriatic  acid,  previously  mixed  with  abottt 
six  parts  of  water,  is  poured  on  them ;  there  ia  aA  insCaat 
effervescence,  and  a  gaseous  fluid  may  be  collected  in.ilie 
jar.    That  this  is  carbonic  adkl,  is  proved  ;b]i  putting 
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into  it  a  lighted  taper,  which  is  instantly  extinguished*  It 
is  in  this  way,  also,  that  we  know  whether  limestone. hag 
been  properly  burned,  that  is,  whether  the  heat  has  been 
sufficient  to  erpel  the  whole  of  the  acid ;  for  if  recently 
lyumed  lime  be  put  into  diluted  muriatic  acid^  it.willabt 
effervesce  if  properly  prepared.  It  is  not  to  be  expected, 
howeyer,  that  the  lime  offered  for  sale  should  be  entirely 
free  from  this ;  besides,  by  exposure  to  air^  it  will  ab^rb 
it, .  Hrhieh  will  cause  a  slight  effervescence  on  the  addi- 
tion of  the  acid  ;  if,  however,  the  effervescence  is  great,  >rtre 
inuM 'infer  that  the  burning  has  not  been  propedy  con- 
ducted.- .         1      '  • 

The  composition  of  carbonate  of  lime,  given  by  difft- 
'rent  chemists,  is  very  nearly  the  same.  They  all  agree 
in  midcing  it  contain  about  44  per  cent'of  cairbonie  acid^ 

and  as  £6  :  44  :  :  35  :  27.6,   ;    ' 
so  that  it  contains  (.;•;•{• 

1  atom  of  acid,  -        £7,5  :  .  -.  .;! 

1  atom  of  lime,         -  85.  .'       o        •.  i 

its  atomic  weight  being  63.5  .  ;{ 

It  bas  been  already  mentioned,  that  when  carboiMie 
acid  solution  is  poured  into  lime  water,  a  white  precip^ 
tate  of  carbonate  of  lime  falls.  If  more  of  the  acid  fluiil 
b^  thrown  in,  the  powder  disappears,  and  a  transpaf^t 
colourless  solution  of  super-carbonate  is  formed.  This 
changeon  the  lime  may  also  be  shewn  by  breathing  through 
a  tube  into  lime  water,  by  which,  owing  to  thie  diseo- 
Igagement  of  carbonic  acid  from  the  lungs,  the  carbonatfe 
ii  precipitated  ;  and  after  this,  by  continuing  the  respi- 
ration, the  fluid  will  again  become  transparent*  When 
■solution  of  sup^r-carlxmate  is  exposed  to  air,  or- when  it 
is  boiled,  it  becomes  opake,  owing  to  the  expulsion  of  the 
excess  of  acid  and  precipitation  of  carbonate. 

The  alkalies  have  no  action  with  carbonate  of  liine. 
Some  of  the  compound  saltsy  ho\¥ever,  decompose  jjt. 
When  heated  with  muriate  of  ammonia,  both  are  decom- 
posed, and  a  muriate  of  lime  and  corbonfitc.of  ammonia 
are  formed,  the  latter  of  which  being  volatile,  ^is  aublim- 


408  LIME. 

ed ;  and  hence  a  method  of  preparing  the  carbonate  as 
ordered  by  the  Pharmacopoeia.  For  this  purpose  we  are 
ordered  to  use 

Muriate  of  ammonia,  in  powder,  one  part. 

Soft  carbonate  of  lime,  (chalk),  dried,  two  parts. 

Haying  mixed  them  thoroughly,  they  are  put  into  a 
retort,  and  sublimed  into  a  cool  receiver. 

In  this  case)  more  carbonate  of  lime  is  ordered  than  is 
absolutely  necessary  for  the  decomposition  of  the  muriate^ 
yet  unless  this  excess  is  used,  part  of  the  latter  is  apt  to 
sublime  and  come  over  with  the  newly  formed  compound. 

Carbonate  of  lime  is  a  very  abundant  production  of 
nature,  occurring  in  different  states,  distinguished  by  the 
name  of  Calcareous  Fossils.     The  different  varieties  of  it 
do  not  strike  fire  with  steel ;  they  may  be  scratched  with 
a  knife,  and  they  all  effervesce  on  the  addition  of  an  acid. 
Calcareous  fossils  are  found  in  strata  most  abundantly 
in  the  secondary.     The  least  indurated  kind  is  chalky 
which  composes  strata  of  immense  thickness,  and  often 
contains  the  remains  of  organic  matter.     When  more  in- 
durated, it  is  called  Limestone^  in  which  also  are  found 
animal  and  vegetable  matter.     When  it  becomes  still 
harder,  it  forms  marblcy  of  which  there  is  a  great  variety, 
and  in  which  also  organic  exuviae  occur.     Carbonate  of 
lime  is  found  also  among  the  primary  strata,  and  it  o^ 
curs  likewise  crystallized,  under  the  name  of  Calcareous 
Spar.     It  is  a  very  frequent  ingredient  also  in  mineral 
waters,  more  particularly  in  those  in  which  there  is  a  coiw 
siderable  quantity  of  carbonic  acid,  and  from  which,  as 
the  acid  flies  off,  incrustations  of  carbonate  are  deposit- 
ed.    Hence  the  formation  of  petrifactions,  for  when  any 
vegetable  matter,  as  a  piece  of  moss,  is  kept  for  some 
time  in  a  water  of  this  kind,  the  deposited  carbonate  ad- 
heres to  it,  and  ultimately  makes  it  appear  as  if  it  were 
converted  into  eai'thy  matter.  When  the  fluid  drops  from 
the  roof  of  a  cavern,  the  carbonic  acid  flying  off,  leaves 
the  carbonate,  which,  adhering  to  the  roof,  gradually 
increases  in  size  from  the  water  passing  along  it,  and  it 
thus  forms  stalactites.    The  shells  of  marine  animals,  and 
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the  different  kinds  of  marly  are  also  composed  of  carbo- 
nate of  lime. 

As  the  different  kinds  of  limestone  vary  in  their  com* 
position,  it  is  of  consequence  to  be  able,  by  an  easy  pro- 
cess, to  ascertain  the  quantity  of  lime ;  and  this  is  in  ge- 
neral done  by  driving  off  the  carbonic  acid  from  a  cer- 
tain quantity  of  it.     (See  AppeTic^,) 

Phosphates  qfLime. 

When  phosphoric  acid  is  added  to  lime  water,  or  when 
an  alkaline  phosphate  is  mixed  with  a  solution  of  any 
of  its  salts,  a  white  precipitate  of  phosphate  is  form- 
ed. The  phosphate  is  not,  however,  prepared  in  this 
way  for  use.  It  is  an  abundant  production  of  nature, 
beidg  the  principal  ingredient  of  bones.  When  these 
are  exposed  to  heat,  so  as  to  burn  off  the  animal  matter, 
a  white  mass,  retaining  the  form  of  the  bone,  is  left,  and 
which  is  the  earthy  phosphate  very  nearly  pure.  To  ob- 
tain it  pure,  the  bone  ash  must  be  reduced  to  fine  pow- 
der, well  washed  with  warm  water,  to  carry  off  any  so- 
luble salt,  and  then  dissolved  in  diluted  muriatic  acid. 
On  the  addition  of  ammonia,  a  white  precipitate  of  phos- 
phate of  lime  appears. 

Phosphate  of  lime  is  a  white  tasteless  substance  not 
altered  by  exposure  to  air,  and  insoluble  in  water.  It 
may  be  subjected  to  a  high  temperature,  without  under- 
going any  change,  but  if  the  heat  be  very  violent,  it  be- 
comes soft.  It  has  no  action  with  oxigcn,  nitrogen,  or 
inflammables. 

Some  of  the  acids  affect  it,  but  the  decomposition  is 
not  complete.  The  action  with  sulphuric  acid  is  impor- 
tant, as  by  it  a  fluid,  containing  phosphoric  acid,  is  ob- 
tained, and  from  which  pure  phosphoric  acid,  phosphorus, 
and  phosphate  of  soda,  can  be  procured. 

The  process  for  procuring  phosphate  of  soda  by  the 
decomposition  of  burnt  bones,  is  a  pharmaceutica)  one. 

The  Edinburgh  College  orders 

Burnt  bones,  in  powder,  ten  pounds ; 
Sulphuric  acid,  six  pounds. 
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The  bones  and  acid  are  mixed  in  an  earthen  pot,  and 
afterwards  diluted  with  water.  The  mixture  is  then 
digested  for  some  days,  and  after  putting  in  more  water, 
is  strained  through  a  linen  cloth.  It  is  next  concentra- 
ted by  evaporation,  and  solution  of  carbonate  of  soda 
added  as  long  as  there  is  any  effervescence,  and  after 
again  filtering  and  evaporating,  crystals  of  phosphate  of 
soda  are  formed. 

In  the  first  part  of  this  process,  the  sulphuric  acid  de» 
composing  part  of  the  phosphate,  unites  with  its  lime, 
and  disengages  its  acid,  which  then  enters  into  combim^ 
tion  with  the  undecomposed  part,  to  form  a  soluble  super- 
phosphate; so  that,  by  washing  the  mixture,  this  is  carried 
off,  and  on  the  addition  of  carbonate  of  soda,  the  excess 
of  acid  in  the  super-phosphate  is  saturated  by  soda,  and 
converted  to  phosphate,  while  neutral  phosphate  of  lime 
is  precipitated ;  carbonic  acid  is  of  course  disengaged. 
The  solution,  after  filtration,  yields  crystals  of  phosphate 
of  soda,  but  it  is  necessary  to  have  a  slight  excess  of  al- 
icali  to  favour  the  crystallizing  process.  The  precipitat- 
ed substance  will  answer  for  the  same,  or  for  other  pro- 
cesses, as  it  is  pure  phosphate  of  lime. 

If,  instead  of  saturating  the  acidulous  liquor  with 
carbonate  of  soda,  that  of  ammonia  be  employed,  a 
phosphate  of  it  is  obtained,  which,  when  evaporated  to 
dryness,  and  exposed  to  a  red  heat,  gives  off  its  alkali, 
and  its  acid  is  left  nearly  pure.  Hence  a  method  some- 
times practised  for  procuring  this  acid.  It  is  the  one 
alluded  to  in  p.  303.  All  that  is  necessary  is,  to  evapo> 
rate  the  solution,  and  expose  the  residue  to  a  red  heat 
till  ammoniacal  vapour  ceases  to  come  off. 

When  the  acidulous  fluid,  procured  by  the  decomposi- 
tion of  bones  after  evaporation,  is  heated  with  charcoal, 
the  acid  is  deprived  of  its  oxigcn,  and  phosphorus  iji 
given  off  in  vapour ;  and  hence  the  method  by  which  it 
is  prepared.     (See  p,  298.^ 

Phosphate  of  lime  is,  according  to  Thomson,  compos- 
ed of  an  atom  of  each  of  its  ingredients,  and  as  the 
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atomic  weights  of  these  are  the  same^  it  contains  equal 

proportions  bj  weight  ;  that  is, 

1  atom  acid,  S5        or         50 

1  atom  lime,  85  50 

its  atom  being     70  100 

,  Besides  the  uses  of  phosphate  of  lime  as  already  men- 
tioned, it  is  employed  in  making  cupels  for  the  refining 
of  gold  and  silver.  It  is  used  also  in  polishing  metals, 
and  for  taking  out  greasy  spots  from  cloth. 

If^  after  throwing  down  phosphate  of  lime  by  the  ad- 
dition of  the  acid  to  lime  water,  more  of  the  acid  be  add^ 
ed,  the  precipitate  disappears,  and  a  transparent  solution 
of  super-phosphate  is  formed,  which,  on  evaporation,  af- 
fords a  white  saline  mass,  deliquescent  and  soluble  in 
water^  but  not  in  acids.  It  contains  double  the  quanti- 
ty of  acid  that  exists  in  the  neutral  compound,  and  is 
therefore  a  bUphosphate. 

The  acidulous  fluid  obtained  by  the  decomposition  of 
bone  ash  by  oil  of  vitriol,  has  a  still  larger  propor- 
tion of  phosphoric  acid.  It  is  a  quadrirphospliatej  or 
contains  four  times  the  acid  that  the  neutral  salt  does. 
When  evaporated  to  dryness,  a  saline  mass  is  obtained, 
which,  when  exposed  to  heat,  forms  glacial  p/tosp/ioric 
acid,  usedy  as  already  mentioned,  for  yielding  phosphorus. 

Sulphate  of  Lime. 

Sulphuric  acid  very  readily  unites  with  lime.  If  a 
little  be  poured  on  pieces  of  it,  recently  burned,  in  a 
crucible,  they  unite^  and  with  the  evolution  of  heat  suf- 
ficient to  drive  off  part  of  the  acid  in  vapour  ;  and  hence 
the  necessity  of  putting  on  a  shade  the  instant  that  the 
acid  is  thrown  in. 

Sulphate  of  lime  is  not,  however,  prepared  in  this  way 
for  use.  It  is  an  abundant  production  of  nature.  It  is 
a  white  insipid  substance,  and  but  sparingly  soluble  in 
water,  requiring  about  500,  at  a  natural  temperature,  to 
dissolve  it.  The  solution  is  transparent  and  colourless, 
and  on  evaporation,    affords   slender  filamentous  crys- 


462  LIME. 

tals.  It  has  no  action  with  the  simple  substances,  ex- 
cept with  charcoal,  by  which  it  is  decomposed  at  a  red 
heat ;  and,  provided  there  is  no  water  present,  sulphuret 
of  calcium  is  formed ;  the  action  being  the  same'  as  with 
the  alkaline  sulphates,  the  carbon  uniting  with  the  oxigen 
of  the  acid  and  earth. 

Potassa  and  soda  decompose  it,  throwing  down  from 
its  solution  the  lime  in  a  state  of  purity,  while  the  alksr- 
line  carbonates  precipitate  carbonate  of  lime.  Though 
the  sulphate  is  thus  easily  decomposed  by  the  alkalies 
mentioned,  ammonia  does  not  affect  any  change  on  it,  for 
ivhen  added  to  its  solution,  there  is  no  precipitation,  and 
the  same  is  the  case  with  the  other  salts  of  lime. 

Sulphate  of  lime  is  a  natural  production,  known  by 
the  names  of  Gypsum  and  Sdenite,  Its  chief  source  is  from 
the  neighbourhood  of  Paris,  where  it  composes  immense 
strata,  and  from  a  particular  use  to  which  it  is  applied, 
it  is  called  Paris  Plaster.  It  is  in  general  of  a  pale  red« 
dish  hue,  the  colour  being  communicated  by  some  metal- 
lic matter;  but  is  occasionally  found  quite  white,  in 
which  state  it  is  called  Alabaster.  Alabaster  admits  of 
a  fine  polish,  and  is  often  cut  into  ornaments,  as  vases 
and  urns.  Common  sulphate  of  lime,  when  exposed  to 
heat,  gives  off  water,  which  it  contains,  and  is  left  pure ; 
and  when  thus  prepared,  it  has  a  very  powerful  attrac- 
tion for  water,  with  which  it  combines,  and  forms  a  bard 
mass ;  from  which  property  it  is  employed  for  taking 
impressions  from  moulds,  and  for  making  statues.  For  this 
purpose,  it  is  made  into  a  thin  paste,  and  poured  into  a 
mould,  previously  besmeared  with  a  little  soap  or  tallow, 
to  prevent  them  from  adhering.  It  is  left  there  till  it 
becomes  hard,  and  is  easily  removed. 

Paris  plaster,  when  mixed  with  lime,  is  also  employed 
in  forming  ornaments  for  the  ceilings  of  rooms,  in  which 
state  it  is  called  stucco.  In  some  places,  particularly 
where  it  is  abundant,  it  is  used  as  a  top-dressing  for  grass 
lands,  and  it  is  employed  as  mortar  instead  of  lime. 
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Hjfdro-Svlpliate  and  Hydro-Sulphite, 

Both  sulphuretted  and  super-sulphuretted  hydrogen 
unite  i¥ith  lime,  and  form  compounds,  the  latter  im- 
portant from  the  uses  to  which  it  is  applied. 

Hydro-^uiphcUe  may  be  prepared  by  passing  a  stream 
of  gas  through  milk  of  lime,  or  by  throwing  into  water 
the  sulphuret  of  calcium  prepared  by  the  decomposition 
of  sulphate  by  charcoal.  Like  other  soluble  hydro-sul- 
phates, it  is  decomposed  by  air. 

-  A  much  more  important  compound  is  the  hydro-sul- 
phite, (sulphuretted  hydro-sulphuret.)  It  is  prepared 
by  boiliDg  in  water,  2  parts  of  lime,  and  1  of  flowers  of 
tolirfiur,  by  which  a  dark  coloured  solution  is  formed,  con« 
taiiiing  a  mixture  of  sulphate  and  hydro-sulphite  ;  but  as 
Ae  farmer  is  very  sparingly  soluble,  the  greater  part  of 
it  is  deposited  when  the  fluid  cools. 

This  solution  is  used  for  the  same  purposes  as  that  of 
Ae  alkaline  hydro-sulphites,  as  in  eudiometry,  (p.  426.) 
and  it  is  from  it  that  precipitated  sulphur  is  obtained. 
For  this  purpose  muriatic  acid  is  added  as  long  as  there 
is  any  precipitation,  by  which  it  unites  with  the  lime, 
sulphuretted  hydrogen  flies  off,  and  the  excess  of  sulphur 
of  the  super-sulphuretted  hydrogen  is  deposited. 

Muriate  of  Lime. 

Muriatic  acid  unites  with  lime,  and  forms  an  important 
compound.  It  may  be  procured  in  six-sided  prismatic 
crystals,  but  it  is  usually  got  by  the  evaporation  of  its 
solution  in  the  form  of  a  white  powder.  It  is  very  de- 
Hquescent ;  owing  to  which  it  is  much  employed  for  dry- 
ing gases  confined  over  mercury,  and  for  freeing  them 
from  moisture  during  their  preparation,  and  which  is 
done  by  passing  them  through  tubes  stufi*ed  with  it.  It 
is  very  soluble,  and  during  its  solution  generates  cold. 
It  acts  with  great  ease  on  snow  and  ice,  particularly  the 
former ;  and  as  there  is  a  rapid  liquefaction,  the  reduc- 
tion of  temperature  is  considerable ;  and  more  particular- 
ly so,  if  they  have  been  previously  cooled,   as  when  they 
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are  kept  in  ice  and  sea  salt,  by  which  the  temperature 
falls  to  — 60 ;  of  course,  if  mercury  in  a  tube  be  put 
into  the  mixture,  it  is  very  soon  frozen.  The  residue  of 
the  operation  is  solution  of  muriate  of  lime ;  and  willy 
on  evaporation,  yield  it,  ready  again  to  be  used  for  the 
same  purpose. 

When  muriate  of  lime  is  heated,  it  undergoes  watery 
fusion ;  and,  by  the  continuation  of  the  heat,  becomes 
chloride 

It  is  decomposed  by  some  of  the  acids.  On  the  addic 
tion  of  sulphuric  acid,  muriatic  acid  gas  is  disengaged. 
If,  instead  of  using  the  dry  salt,  a  concentrated  solution 
is  employed,  the  mixture  becomes  almost  solid.  For  thii 
purpose,  four  measures  of  concentrated  solution  must  be 
mixed  with  three  of  diluted  oil  of  vitriol,  (equal  weights 
acid  and  water,)  by  which  the  sulphuric  acid  unites  with 
the  lime  ;  and  in  forming  sulphate  or  Paris  Plaster,  com* 
bines  with  the  water,  so  as  almost  to  become  solid. 

The  fixed  alkalies,  and  the  alkaline  carbonates,  decom- 
pose the  muriate.  It  is  not,  however,  decomposed  by 
ammonia,  and  hence  it  is  used  as  a  test  of  the  purity  of 
aqua  ammoniae,  for  if  this  contain  the  smallest  quantity 
of  carbonic  acid,  it  will  give  a  precipitate  on  the  addition 
of  the  muriate. 

Muriate  of  lime  may  be  prepared  by  the  addition  of 
the  acid  to  the  carbonate ;  but,  as  it  is  a  residuum  in 
different  processes,  it  is  seldom  prepared  in  this  way. 

It  has  been  already  mentioned,  that  in  the  prepara- 
tion of  carbonate  of  ammonia,  muriate  of  lime  is  left  in 
the  retort,  but  mixed  with  carbonate  of  lime.  From  this 
it  is  easily  procured  by  solution,  filtration,  and  evaporsr 
tion. 

Lime  and  Alkaline  Salts. 

The  action  of  lime  on  some  of  the  compound  saltSy  is 
interesting,  from  the  valuable  products  obtained.  From 
its  powerful  attraction  for  carbonic  acid,  it  easily  decom- 
poses the  alkaline  carbonates,  depriving  them  of  their  acid, 
and  setting  the  alkali  free  in  its  caustic  state.     Hence 
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Ae  )nbtbod  of  preparing  the  alkalies,  and  of  proouring 

tfiQ  afkapoi€i8»(B  of  the  Pharmacopceia. 

-"Th^]proce8s  ordered  by  the  Edinburgh  College,  consists 

**'L]iriet  dght  oofices  ; 

Carbonate  of  potass,  six  ounces ; 
''Water,  twenty^ight  ounces. 

Tweiltyiouncesof  water  are  poured  on  the  lime,  and 
the  remainder  on  the  carbonate ;  and  when  the  slaking 
11 -finished,  they  are  mixed,  and  after  corking  the  ves- 
id^  alknred  to  remain  till  cold.      The  mixture  is  then 
tD  be  filtered,  excluded  from  air,  to  prevent  the  absorp* 
tidn  of  Carbonic  acid.     For  this  purpose  it  is  thrown  into 
tf  tiitmel,  the  throat  of  which  is  stuffed  with  a  linen  rag, 
ttld  covered  with  a  plate;  this  is  to  be  placed  into  a 
iMde,  through  a  cork  or  piece  of  paper,  to  keep  it  as 
tight  as  possible,  so  as  to  prevent  the  admission  of  air. 
After  the  filtration  has  stopped,  and  the  mixture  in  the 
Imiiel  become  hard,  water  is  to  be  poured  on  it  very 
cmtiously,  which,  by  its  weight,  forces  out  the  solution 
mil  remaining  in  it ;  and  this  must  be  repeated  till  thirty- 
rfk  'cninces  have  passed  through,  and  which  is  known  by 
llttVM^i^  the  bottle  previously  marked  at   the   requisite 
height.     Having  procured  the  proper  quantity,  it  must 
tie  well  mixed,  that  it  may  be  of  uniform  strength, 
i'  In  preparing  solution  of  potassa,  it  is  of  consequence 
to  kttOw  if  the  whole  of  the  carbonic  acid  has  been  re- 
n^ed^ -and  which  is  easily  done  by  the  addition  of  lime 
Watfer^  for  if  free  from  it,  it  will  remain  transparent,  but 
if' it  still  contains  it,   will  become  turbid  from  the  depo« 
rftioD'  of  carbonate  of  lime. 

The  mode  of  obtaining  potassa  from  the  solution  has 
been  described,  (p.  374.^ 

As  the  common  carbonate  of  potassa  contains  a  great 
deal  of  soluble- foreign  ingredients,  and  as  they  are  not 
ftmo^ed  by  lime,  they  pass  through  the  filter  along 
with  the  potassa,  and  hence  the  solution  itself  is  not  pure^ 
nd  the  process  by  which  pure  potassa  is  obtained  fron^ 
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it  is  very  troublesome  and  expensive.  B j  employing  b&> 
carbonate,  an  alkaline  fluid  is  procured,  from  which  the 
alkali  is  got  free  from  foreign  matter,  merely  by  evapo- 
ration. 

As  lime  has  a  stronger  attraction  than  ammonia  for 
muriatic  acid,  it  decomposes  muriate  of  ammonia,  uniting 
with  its  acid,  and  disengaging  its  alkali ;  and  hence  the 
method  of  preparing  it  either  gaseous  or  in  solution.  To 
obtain  gaseous  ammonia,  we  must  have  recourse  to  a  me> 
curial  trough,  or  it  may  be  collected  sufficiently  pure  by 
the  displacement  of  the  air ;  but  as  it  is  lighter  than  it» 
we  must  use  the  precaution  of  inverting  the  receivers. 
For  this  purpose  equal  parts  of  slaked  lime  and  mu» 
riate  of  ammonia  in  powder  are  placed  into  a  retort, 
(ftdcuiy  p,  S\5.J  On  the  application  of  heat,  the  ammo* 
nia  is  given  ofl^,  bringing  along  with  it  the  water  of  the 
slaked  lime,  which  is  condensed  in  the  bulb,  while  the 
former  flowing  on  gradually,  pushes  down  the  air,  and 
fills  the  Receiver. 

The  preparation  of  the  aqua  ammonias  is  a  pharmaceu* 
tical  process.  The  proportions  given  by  the  Edinburgh 
College  are, 

Muriate  of  ammonia,  one  pound ; 

Quick  lime,  one  pound  and  a  half; 

Distilled  water,  one  pound ; 

Water,  nine  ounces. 

After  slaking  the  lime  with  the  water,  and  having  allow-^ 
ed  it  to  become  cold,  it  is  put  with  the  salt  into  a  retort,  to 
which  a  bent  tube  is  fixed,  and  made  to  pass  through  a  tight 
cork  into  a  receiver,  containing  the  distilled  water,  and 
kept  cold  in  the  usual  way,  (1st  cut^p,  @il5.)  Heat  is  then 
Applied  through  the  medium  of  a  furnace  and  sand  bath, 
(or  if  small  quantities  are  used,  by  a  lamp,)  till  the  gas 
ceases  to  come  ofi*.  The  ammoniacal  solution  thus  pro- 
cured is  of  sp.  gr.  about  9S6. 

In  the  decomposition  of  muriate  of  ammonia,  muriata 
of  lime,  mixed  however  with  pui«  lime,  remains  in  the 
retort,  but  from  which  it  is  freed  by  solution  in  wann 
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water  and  filtration,  and  again  filtering  after  exposorci  to 
air  for  some  time,  to  remove  the  dissolved  earth  byabsorp. 
'tion  of  carbonic  acid.  For  most  purposes,  however^ 
as  when  the  muriate  is  to  be  used  for  generating  cold, 
there  is  no  necessity  for  the  second  filtration  ;  the  solution 
may  at  once  be  evaporated  to  dryness. 

Lime  is  employed  in  large  quantity  in  agriculture^ 
mther  fresh,  burned,  or  in  the  state  of  carbonate.  When 
pure  lime  is  mixed  with  vegetable  matter,  they  act  on 
each  other,  and  form  a  sort  of  compost,  part  of  which  is 
aoluble,  and  thus  it  renders  nutritious  what  was  formerly 
inert«  It  is  in  this  way  that  it  is  supposed  to  act,  (Davy^s 
Agricultural  Chemistry,)  in  fertilizing  soil  that  abounds 
in  vegetable  matter,  as  the  roots  and  stems  of  the  crop 
previously  cut ;  of  course,  its  action  must  be  the  same, 
when  used  for  cultivating  waste  ground.  Carbonate  of 
Jime,  or  limestone,  has  no  action  of  this  kind ;  on  the 
contrary,  it  prevents  the  too  rapid  decomposition  of  ve- 
getable matter,  so  that,  when  soil  abounds  with  this,  aL- 
ffeady  in  the  same  state  as  that  produced  by  the  action 
of  quick-lime,  mild  lime  is  used ;  and  for  this  purpose 
marl  is  commonly  employed. 

Lime  is  employed  as  mortar  in  two  difierent  ways, 
either  for  dry  building,  or  for  building  under  water.  In 
preparing  mortar  for  the  former  purpose,  the  lime  is  first 
slaked,  and  after  being  sifted,  to  free  it  from  impurities, 
it  is  mixed  with  sand,  and  made  into  a  paste  with  water, 
which  must  be  well  beat,  that  the  materials  may  be  inti- 
mately incorporated. 

It  is  a  subject  of  common  regret,  that  mortar,  as  now 
made,  is  far  inferior  to  that  used  by  the  ancients ;  from 
which  it  is  supposed,  that  they  must  have  had  some  mode 
of  preparing  it  with  which  we  are  unacquainted.  The 
imperfection  in  this  article  is,  however,  to  be  ascribed 
more  to  carelessness,  than  to  ignorance  of  a  good  method 
of  making  it ;  for  when  proper  attention  is  paid  to  the 
process,  it  can  be  procured  equal  to  that  in  old  build- 
ings. 

Gg2 
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The  first  thing  to  be  attended  to,  is  the  choice  of  the 
lime,  which,  if  possible,  ought  to  be  of  a  brownish  co- 
lour, as  it  forms  a  harder  cement  than  that  nearly  colour- 
less. It  must  of  course  be  well  burned,  so  as  to  be  easi- 
ly slaked,  after  which  it  must  be  passed  through  sieves, 
that  the  stony  impurities  and  unslaked  part  may  be  re- 
moved. It  is  also  of  material  consequence  to  be  particu- 
lar with  respect  to  the  sand  ;  the  sharper  and  coarser  it 
is,  so  much  the  better,  as  it  requires  less  lime,  and  forms 
a  harder  cement  than  the  finer  kind.  Pit-sand  is  prefer- 
able to  that  from  the  sea-shore,  as  the  latter  contains  im- 
purities, which  prevent  the  hardening  of  the  mortar. 
The  same  is,  however,  the  case  with  the  former,  if  it  con- 
tain clay,  which  it  sometimes  does ;  so  that,  when  pit- 
sand  is  used,  it  must  be  chosen  as  pure  as  possible.  Par- 
ticular attention  must  likewise  be  paid  to  the  mixing  of 
the  materials,  for  the  more  intimately  they  are  blended, 
the  more  completely  does  the  mortar  become  hard.  The 
mixture  ought  therefore  to  be  well  beaten  with  a  wooden 
mallet,  till  it  does  not  adhere  to  it.  It  is  also  the  better 
of  being  kept  for  some  time,  provided  it  is  excluded 
from  the  air,  to  prevent  it  from  absorbing  carbonic  acid; 
for  which  reason  it  must  be  covered  with  sand,  and  be- 
fore it  is  used,  it  must  again  be  beat  up  with  the  mallet. 

Another  kind  of  mortar  is  employed  for  building  under 
water,  as  that  already  mentioned  does  not  harden  in  it. 
The  substance  used  by  the  Romans  for  this  purpose,  is 
that  called  puzzolana^  a  light  porous  body,  of  a  reddish 
colour,  said  to  be  lava  from  Vesuvius.  In  preparing 
mortar  with  this,  it  is  reduced  to  coarse  powder,  and 
mixed  with  lime,  either  with  or  without  sand,  in  which 
state  it  very  soon  hardens,  even  under  water.  Of  course* 
the  same  precautions  must  be  followed  as  in  the  prepara- 
tion of  common  mortar,  with  respect  to  the  mixing  of 
the  materials.  The  best  proportions  seem  to  be  about 
equal  parts,  by  measure,  of  slaked  lime  and  puzzolana. 
In  some  cases,  where  the  building  is  not  much  exposed, 
the  quantity  of  the  latter  may  be  diminished,  and  sand 
substituted.     The  substance  called  tarraSf  made  use  of 
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hj  the  Dutch,  is  merely  a  sort  of  whin-stone  reduced  to 
powder,  and  employed  in  the  same  way  as  puzzolana, 
but  the  proportions  of  the  materials  are  diiFerent ;  it  is. 
commonly  mixed  with  twice  its  bulk  of  lime,  to  which 
occasionally  three  of  coarse  sand  are  added.  Other  sub- 
stances are  sometimes  used  in  this  country  for  a  similar 
purpose,  as  common  whin-stone,  and  iron-stone,  which, 
when  properly  mixed  with  lime,  afford  a  mortar  that 
hardens  under  water. 

Connected  with  the  use  of  lime  in  making  mortar,  is  its 
employment  in  the  preparation  of  cements.  A  cement  is 
a  substance  used  for  joining  bodies,  or  for  covering  them, 
to  keep  them  from  being  acted  on  by  fire  or  some  other 
agent ;  of  course  its  nature  differs  according  to  the  use 
to  which  it  is  applied,  but  in  many,  lime  forms  a  prin- 
cipal ingredient.  The  most  common  cement  containing 
it,  is  that  made  of  white  of  eggs.  •  It  is  prepared  by  beat- 
ing wellj  together  equal  quantities  of  white  of  eggs  and 
water,  and  then  mixing  with  it  as  much  slaked  lime  as 
will  bring  it  to  the  consistence  of  thin  paste,  in  which 
state  it  is  applied  to  the  places  to  be  joined.  Or  it  may 
be  spread  on  paper  or  linen,  with  which  the  juncture 
must  be  covered.  Another  way  of  using  this  cement,  is 
to  spread  the  white  of  eggs  on  paper,  and  sprinkle  it  with 
the  powder  of  lime.  Instead  of  white  of  eggs,  a  solution 
of  isinglass  or  glue  in  warm  water  is  sometimes  employed. 

Though  the  cements  mentioned  are  not  apt  to  be  affect- 
ed by  water,  they  do  not  answer  for  preventing  the 
escape  of  noxious  vapours,  others  must  therefore  be  used. 
The  most  common  of  these,  is  drying  oil  made  into  a 
thick  paste  with  lime,  or  with  white  lead,  which  answers 
equally  well ;  indeed,  what  is  now  commonly  used,  is 
merely  white  lead  paint,  which,  when  applied  to  junc- 
tures, becomes,  after  standing  some  time,  quite  hard, 
and  is  not  acted  on  by  water ;  hence  its  frequent  use  in 
cementing  glass.  A  cement  of  a  similar  nature  is  made 
with  cheese  and  lime.  It  is  prepared  by  boiling  in  water 
the  poorest  skimmed  milk  cheese,  till  it  becomes  soft, 
after  which  the  fluid  is  poured  off,  and  it  is  then  well 
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kneaded,  first  in  cold,  and  then  in  warm  water,  and  mix* 
ed  with  quick^lime,  in  which  state  it  is  applied  to  the 
junctures.  It  answers  well  for  joining  pieces  of  earthen* 
ware,  glass,  or  marble. 

Lime,  from  its  powerful  attraction  for  water,  is  employi- 
ed  for  preserving  substances  that  are  liable  to  be  in* 
jured  by  moisture,  as  deliquescent  salts,  or  iron  instru- 
ments. For  this  purpose,  a  quantity  of  it  is  placed  at 
the  bottom  of  a  tin  cannister,  and  oyer  it  the  substances 
to  be  kept  dry.  When  the  whole  of  it  seems  to  be  slak- 
ed, and  which  is  known  by  its  having  fallen  into  powder, 
it  must  be  renewed. 

Owing  to  the  strong  attraction  of  lime  for  carbonic 
acid,  it  is  used  for  freeing  gases  of  this  elastic  fluid,  as 
in  the  preparation  of  carburetted  hydrogen,  (p.  281  .)r 
and  in  the  manufacture  of  coal  gas,  (See  Coal.)  From 
the  same  property,  it  is  used  also  for  ascertaining  the 
quantity  of  carbonic  acid  existing  in  any  gas,  and  which 
is  done  by  a  eudiometer,  as  in  finding  the  proportion  oi 
oxigen  by  means  of  the  solution  of  hydro-sulphite  of 
potass,  filling  the  bottle  with  milk  of  lime,  and  using,  the 
same  precautions  as  then  mentioned,  (p.  437.) 


BARIUM  AND  BARYTA. 

Baryta,  like  the  other  earths,  was,  till  the  discoveries  of 
Davy,  considered  a  simple  body.  In  subjecting  it  to  the  ac- 
tion of  his  powerful  battery,  he  observed  slight  traces  of 
decomposition,  but  he  succeeded  more  effectually  in  decomr 
posing  it  by  a  process  similar  to  that  by  which  lime  was 
decomposed,— by  negatively  electrifying  it  with  oxid  of 
mercury.  The  result  was  a  metallic-looking  substance^ 
of  a  dark  grey  colour,  and  heavier  than  sulphuric  add. 
When  exposed  to  the  air,  it  acquired  a  crust  on  its  suTi. 
face.  When  gently  heated,  it  burned  with  a  deep  red 
flame.  When  thrown  into  water,  it  excited  a  violent 
effervescence,  instantly  falling  to  the  bottom,  and  baoryttt 
ITM  fi^nned.    To  thi»  subataate  the  name  of  JBmium  has 
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'been  given.     Its  properties  have  not  been  farther  exa* 
mined. 


Baryta. 

Barjta  was  discovered  by  Scheele  and  Gahn  in  1774. 
From  the  great  weight  of  its  compounds  it  was  first  call- 
ed terra  ponderosa,  which  was  afterwards  changed  to  6a- 
ryta^  derived  from  the  Greek  word  fi*^vi,  heavy. 

It  is  a  greyish,  porous  substance,  similar  in  its  appear- 
ance to  recently  burned  lime,  but  in  its  taste  it  is  much 
more  acrid.  It  corrodes  animal  and  vegetable  matter^ 
and  acts  as  a  powerful  poison. 

From  the  experiments  of  Davy  and  Berzelius,  it  ap- 
pears to  be  composed  of 

barium,      -      89.75 
oxigen,       -       10.25 
and  from  the  experiments  of  Thomson,  (First  Princ.) 
it  contains  an  atom  of  each  of  its  ingredients.     If  so, 

as  10.^  :  89.75  : :  10  :  87.5, 
80  that  the  atomic  weight  of  barium  is,         87.5 

of  baryta,  97.5 

When  baryta  is  exposed  to  air,  it  quickly  attracts 
moisture,  and  falls  into  powder  in  the  same  way  as  lime, 
and  it  combines  also  with  carbonic  acid.  Hence  the  ne* 
cessity  of  keeping  it  in  well-stopped  phials. 

The  phenomena  presented  by  the  addition  of  water, 
are  similar  to  those  with  lime,  the  earth  being  slaked, 
but  it  gives  out  much  more  heat. 

Baryta  is  very  soluble  in  water,  which  when  cold  dis- 
solves 1-S5th,  and  when  warm  nearly  half  its  weight  of 
it*  The  solution  is  transparent  and  colourless,  and,  like 
lime,  changes  vegetable  blues  to  green.  When  exposed 
to  air,  it  absorbs  carbonic  acid,  and  becomes  muddy, 
from  the  deposition  of  carbonate.  When  a  concentrated 
warm  solution  is  allowed  to  cool  gradually,  crystals  are 
formed,  which  are  flat  hexagonal  prisms.  These  are  so- 
luble in  about  17  of  cold  water.  When  exposed  to  air 
they  effloresce,  and  when  heated  they  undergo  watery  f u« 
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sion ;  and  hence  they  must  contain  a  large  quantity  of 
water.  It  is  supposed  that  baryta  unites  with  three  pro- 
portions of  it,  and  forms  different  compounds.  That 
with  the  largest  is  the  crystallized  earth ;  the  second  is 
obtained  by  heating  the  crystals  to  redness,  by  which 
they  give  off  only  half  of  their  water ;  and  the  third  is 
procured  by  the  exposure  of  the  pure  earth  itself  to  heat, 
for  though  strongly  heated  it  still  retains  water. 

Baryta  requires  a  very  intense  heat  for  its  fusion ; 
that  of  the  oxi-hydrogcn  blow-pipe  being  necessary. 

When  heated  in  oxigen  gas,  or  when  the  gas  is 
passed  over  it  in  an  incandescent  tube,  it  imbibes  it 
with  avidity,  and  forms  a  greyish  compound  called 
peroxid  of  barium^  which,  when  thrown  into  water,  gives 
off  to  it  its  excess  of  oxigen,  and  is  reduced  to  the 
state  of  baryta.  It  was  by  this  that  Thenard  prepared 
oxigenated  water,  or  peroxid  of  hydrogen,  (see  p.  £03.) 
For  this  purpose,  he  took  4^  pints  of  water,  and  added 
as  much  muriatic  acid  as  would  neutralize  282  gr.  of 
baryta ;  185  of  the  peroxid  were  then  thrown,  in  suc- 
cessive portions,  into  the  acidulous  fluid,  kept  cold  by 
being  surrounded  by  ice,  by  which  muriate  of  baryta 
was  formed,  and  the  excess  of  oxigen  communicated  to 
the  water.  Sulphuric  acid  was  next  added,  to  precipi- 
tate the  baryta  in  the  state  of  sulphate,  after  which  it 
was  boiled  with  sulphate  of  silver,  to  throw  down  the 
muriatic  acid.  The  oxigenated  water,  still  containing 
sulphuric  acid,  derived  from  the  sulphate  of  silver,  after 
being  mixed  with  baryta,  by  which  this  was  precipitated, 
was  placed  under  the  receiver  of  an  air-pump,  along  with 
sulphuric  acid,  as  in  Leslie^s  experiment  for  generating 
cold,  and  concentrated  by  evaporation.  It  was  thus 
procured,  containing  475  times  its  volume  of  oxigen. 
(London  Journal  of  Science,  1819<) 

The  action  between  baryta  and  phosphorus,  sulphur, 
or  chlorine,  is  the  same  as  with  lime,  the  water  being  de- 
composed, and  giving  rise  to  the  formation  of  compounds 
containing  its  ingredients.  When  also  chlorine  gas  is 
passed  over  baryta,  at  a  red  heat,  oxigen  is  disengage^  4 
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for  each  volume  of  the  former  imbibed,  half  a  volume  of 
the  latter  is  liberated,  and  chlorid  of  barium  is  the  pro« 
duct* 

Salts  or  Baeyta. 

Baryta  unites  readily  with  the  acids,  and  forms  salts 
easily  distinguished  from  those  of  lime. 

Nitrate  of  Baryta, 

Nitrate  of  baryta  may  be  procured  by  the  addition  of 
the  acid  to  the  pure  earth,  or,  which  is  more  economical, 
to  the  carbonate.  It  may  also  be  prepared  by  adding  it 
to  the  product  of  the  decomposition  of  the  sulphate,  by 
tharcoal,  as  will  be  afterwards  described.  By  the  eva- 
poration of  the  solution,  crystals  of  an  octahedral  form 
are  procured,  the  taste  of  which  is  acid. 

It  is  not  altered  by  exposure  to  air.  When  subjected 
to  a  strong  heat,  it  is  decomposed,  the  acid  being  expel- 
led, and  the  earth  left  pure,  and  hence  the  method  by 
which  baryta  is  obtained.  In  conducting  the  process, 
the  heat  must  not  be  very  intense,  because  the  earth,  at 
a  high  temperature,  is  apt  to  attack  the  materials  of  the 
crucible.  The  product,  when  cool,  must  be  removed, 
and  kept  in  well-stoppered  bottles. 

Nitrate  of  baryta  is  soluble  in  12  of  cold,  and  in  about 
8  of  boiling  water. 

It  is  composed  of 

1  atom  of  acid,         67.5     or     59 
1  atom  of  baryta,     97.5  41 


its  atom  being        165.  100 

Besides  being  used  for  yielding  the  pure  earth,  it  ia 
employed  in  the  purification  of  nitric  acid.  If,  after 
diluting  the  acid  with  about  2  parts  of  distilled  water,  a 
precipitate  appears  on  the  addition  of  the  nitrate,  it  con- 
tains sulphuric  acid,  the  precipitate  being  sulphate  of 
baryta.  The  nitrate  must  therefore  be  added  as  long  as 
there  is  any  precipitation,  after  which  the  powder  may 
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be  allowed  to  fall,  and  the  supernatant  fluid  poured  off; 
or,  which  is  better,  it  may  be  distilled.  Of  course,  th^ 
original  nitric  acid,  and  that  set  free  from  the  nitrate^ 
come  over  together. 

Carbonate  of  Baryta. 

Carbonate  of  baryta  may  be  formed  by  adding  carbo- 
nic acid  water  to  solution  of  baryta,  or  by  mixing  aa 
alkaline  carbonate  with  the  nitrate.  It  is  not,  however, 
prepared  in  this  way  for  use,  being  a  native  production. 
It  is  found  crystallized  and  amorphous,  the  crystals  va- 
rying much  in  their  form.  They  are  sometimes  double^ 
four,  or  six-sided  pyramids,  and  occasionally  hexagonal 
prisms.     The  sp.  gr.  is  4S00. 

Carbonate  of  baryta  is  tasteless,  and  very  sparingly 
soluble,  requiring  upwards  of  4000  of  water  to  dissolve 
it.  It  is  poisonous,  for  which  reason  it  is  frequently  used 
for  poisoning  rats. 

The  results  of  the  action  of  heat  differ  according  as 
we  employ  the  native  or  artificial  carbonate.  From  the 
latter  the  acid  is  easily  expelled,  whereas  from  the  f<Hr- 
mer  it  is  not  driven  off  but  by  the  most  intense  heat,  and 
which  is  supposed  to  be  owing  to  the  presence  of  water^ 
which  acts  by  its  affinity  for  the  earth.  Hence,  if  steam 
be  passed  over  the  native  carbonate,  at  a  red  heat,  it  if 
easily  decomposed.  According  to  the  experiments  of 
Klaproth  and  Rose,  it  is  composed  of 

1  atom  acid,         27.5     or     9& 
1  atom  baryta,     97.5  78 


its  atom  being    125.  100 

All  the  acids  decompose  it,  disengaging  its  acid,  and 
uniting  with  its  base ;  and  hence  a  method  of  preparing 
the  different  barytic  compounds,  though  this  mode  is 
Bot  much  followed,  because  the  carbonate  is  by  no  means 
an  abundant  production  of  nature. 
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Sulphate  of  Baryta, 

Between  sulphuric  acid  and  baryta  there  exists  a  verj 
strong  attraction,  so  much  so  that  it  will  seize  it  from 
my  of  its  compounds.  When  the  acid  is  thrown  on  the 
earth,  they  unite,  and  heat  is  evolved,  sufficient  to  make  the 
fliixture  red.hot  Sulphate  of  baryta  is  not,  however,  pre- 
pared in  this  way,  being  an  abundant  native  production, 
occurring  both  in  mass  and  crystallized  ;  of  which  there 
are  different  kinds,  as  the  straight  lamellar,  the  granu- 
lar, the  columnar,  the  compact,  and  Bolognian  heavy 
spar,  the  first  the  most  abundant. 

Sulphate  of  baryta,  whether  artificial  or  native,  is 
tasteless  and  insoluble.  Its  sp.  gr.  is  4400.  When  the 
latter  is  heated,  it  decrepitates,  after  which  it  is  easily 
reduced  to  powder,  and  if  the  heat  is  very  intense,  it  is 
fbsed. 

Very  different  statements  have  been  given  of  the  comi- 
position  of  the  sulphate,  but  it  has  of  late  been  analyzed 
with  great  care,  and  the  proportions  of  its  ingredients  aa- 
eertahied  with  accuracy.  The  experiments  of  Kirwan, 
Aikeo,  Fourcroy,  Berzelius,  and  Berthollet,  very  nearly 
agree  in  stating  them  at, 

acid  34,  baryta  66, 
and  which  is  the  composition  according  to  the  atomic 
doctrine; 

for  as  34  :  66  :  :  60  :  97 ; 
10  that  we  may  consider  it  composed  of 

1  atom  of  acid  60         or         83.89 

1  atom  of  baryta        97.6  66.11 


and  its  atom     147.6  100 

Sulphate  of  baryta,  like  other  sulphates,  is  decomposed 
by  charcoal  at  a  red  heat,  by  which  the  oxigen  of  both 
of  its  ingredients  is  removed,  and  sulphuret  of  barium  is 
left 

The  alkaline  carbonates  decompose  it,  and  carbonate 
of  baryta  is  formed ;  and  hence  a  method  of  preparing 
the  carbonate  wh^  it  cannot  be  otherwise  procured,  and 
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for  which  purpose  one  part  of  finely  powdered  sulphate 
is  exposed  in  a  crucible  to  a  red  heat,  with  three  of 
carbonate  of  potass.  Though  carbonate  can  thus  be  ob- 
tained, the  whole  of  the  sulphate  is  not  destroyed,  even 
though  the  heat  is  continued ;  and  though  the  soluble 
matter  can  be  washed  away,  yet  the  carbonate  cannot  be 
separated  from  the  undecom posed  sulphate.  The  pro- 
cess is,  however,  practised,  when  the  carbonate  is  re- 
quired for  converting  it  to  pure  baryta,  because  the  earth 
being  soluble,  it  can  be  washed  off  from  the  insoluble 
matter. 

Sulphate  of  baryta  is  also  partially  decomposed  by 
muriate  of  soda  and  muriate  of  lime,  and  hence  a  method 
of  preparing  the  muriate.     (See  Muriate.) 

Chloraie  of  Baryta. 

Chlorate  of  baryta  is  prepared  in  the  same  way  as  the 
alkaline  chlorates,  by  passing  a  stream  of  chlorine  gas 
through  solution  of  baryta  ;  and  of  course  the  action  is 
the  same,  the  water  giving  its  ingredients  to  the  chlorinei 
to  form  muriatic  and  chloric  acid,  both  of  which  combine 
with  the  earth.  As  they  are  both  soluble,  the  solution 
is  boiled  with  phosphate  of  silver,  by  which  muriate  of 
silver  and  phosphate  of  baryta  are  precipitated  ;  so  that 
by  filtration,  chlorate  of  baryta  is  procured. 

This  salt  is  valuable  only  as  affording  chloric  acid 
by  its  decomposition,  as  pointed  out  by  Thenard,  (An. 
de  Chim.  xci.)  For  this  purpose,  sulphuric  acid  is  add- 
ed to  the  solution  as  long  as  it  causes  precipitation  of 
sulphate  of  baryta.  The  fluid,  when  filtered,  supposing 
just  the  proper  proportion  of  sulphuric  acid  to  have  been 
added,  is  pure  chloric  acid. 

Muriate  of  Baryta. 

Muriate  of  baryta  is  another  important  compound. 
It  was  first  examined  by  Scheele,  and  afterwards  by 
Crawford  and  Kirwan.  It  crystallizes  in  tables^  occa^ 
sionally  in   two  eight-sided  pyramids,  joined  by  their 
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bues.  It  has  a  pungent  taste,  and  when  swallowed  in 
laijge  quantity,  is  poisonous.  It  is  soluble  in  about  5  of 
cold,  and  in  less  of  boiling  water.  It  is  not  altered  by  ex- 
posure to  air.  When  heated,  the  water  of  crystallization 
is  expelled,  and  the  oxigen  of  the  earth,  and  hydrogen 
of  the  acid,  being  also  disengaged  in  the  form  of  water,  a 
Morid  of  barium  remains. 

Muriate  of  baryta,    according  to  the  most  accurate 
analysis,  consists  of 

acid    82.17  earth    67.83 

that  18, 

1  atom  acid        46.25 
1  atom  earth       97.5 


143,75 
and  as  when  heated  it  is  converted  into  chlorid  by  the 
loss  of  oxigen  and  hydrogen,  it  is  evident  that  the  chlorid 
thus  formed  must  also  contain  an  atom  of  each  of  its  com- 
ponent parts ;  and  if  so,  its  composition  will  be 

chlorine         45         or      34 

barium  87.5  66 


132.5  100 

Muriate  of  baryta  is  decomposed  by  sulphuric  acid, 
and  the  alkaline  sulphates,  by  which  sulphate  is  precipi- 
tated. It  is  also  decomposed  by  the  carbonates,  which 
throw  down  a  carbonate.  Owing  to  the  ease  with  which 
it  gives  off  its  base  to  sulphuric  acid,  it  is  employed 
in  the  purification  of  muriatic,  for  which  purpose  its 
solution  is  mixed  with  it  as  long  as  there  is  any  pre- 
cipitation ;  and  if  the  acid  is  required  concentrated,  it 
is  subjected  to  distillation. 

Muriate  of  baryta  may  be  prepared  by  the  addition  of 
muriatic  acid  to  the  carbonate ;  but  as  this  is  not  an  abun- 
dant production,  we  are  frequently  obliged  to  have  re- 
course to  the  decomposition  of  the  sulphate.  The  pro- 
cess is  pharmaceutical. 

The  Edinburgh  College  orders  two  pounds  sulphate. 
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STRONTIUM  AND  STRONTIA. 

Stbontia  was  discovered  by  Dr  Hope,  in  a  mineral 
found  in  Strontian  in  Argyllshire,  and  which  had  beeo 
previously  examined  by  Pelletier,  who  concluded  that  it 
contained  baryta.  In  1792,  Dr  Hope  (Ed.  Phil.  Tr.) 
proved  that  the  earth  in  it  was  different  from  the  others 
then  known,  and  gave  it  the  name  of  strontiteSy  which 
was  afterwards  changed  to  strofiHanay^ and  strontia  ;  the 
last,  the  one  generally  adopted.  Its  existence  was  much 
about  the  same  time  proved  by  Klaproth  and  Pelletier. 

It  is  a  porous  greyish-coloured  substance,  similar  in 
its  appearance  to  baryta,  having  an  acid  taste,  but  not 
poisonous.     Its  sp.  gr.  is  1600. 

Davy  succeeded,  by  a  process  the  same  as  that  to  which 
baryta  was  subjected,  in  decomposing  strontia,  and  ob» 
tained  a  metallic-looking  matter,  to  which  he  gave  the 
name  of  strontium.  When  exposed  to  air,  or  thrown 
into  water,  oxigen  was  absorbed,  and  strontia  was  gene^ 
rated. 

According  to  the  experiments  of  Thomson  and  others, 
100  strontium  combine  with  18.18  of  oxigen,  to  form 
strontia ;  and  as  this  is  supposed  to  be  a  compound  of 
an  atom  of  each  of  its  ingredients,  the  atomic  weight  of 
strontium  will  be  55,  a-  i  of  strontia  65,  for  as 

18.18  :  100  : :  10  :  55,  and  55  +  10  =  66. 
When  strontia  is  exposed   to  air,  and  when  water  is 
thrown  on  it,  it  presents  the  same  phenomena  as  baryta, 
being  slaked  and  giving  out  heat.     It  is  not,  however,  so 
soluble,  requiring  162  of  cold  water  to  dissolve  it.     The 
solution  is  transparent  and  colourless,  and,  like  that  of 
baryta  and  lime,  changes  blues  to  green,  and  absorbs  car- 
bonic acid  on  exposure  to  air.     It  is  much  more  soluble 
in  warm  water ;  the  solution,  on  cooling,  depositing  crys- 
tals,  which  are  thin  quadrangular  plates  grouped  toge- 
ther, and  containing  about  68  per  cent,  of  water:     When 
heated,  they  undergo  watery  fusion.     They  are  soluble 
in  51^  of  water  at  60,  and  in  about  2  at  a  boiling  heat 
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On  exposure  to  air  they  effloresce,  and  at  the  same  time 
absorb  carbonic  acid. 

If  the  substance  obtained  by  making  the  crystals  un- 
dergo watery  fusion,  be  exposed  to  a  red  heat,  it  becomes 
fluid,  but  pure  strontia  requires  the  heat  of  the  oxi-hy- 
drogen  blow-pipe  for  its  fusion. 

The  action  between  strontia  and  the  simple  acidifiable 
bodies,  is  the  same  as  with  lime  and  baryta. 

Salts  of  Stroktia. 

Strontia  unites  with  the  acids,  and  forms  compounds, 
in  which  the  difference  between  it  and  baryta  is  more 
easily  observed,  than  in  the  pure  earths  themselves. 

Nitrate  tf  Strontia. 

Nitrate  of  strontia  is  formed  by  the  addition  of  diluted 
nitric  acid  to  the  carbonate,  and  evaporating  the  solution, 
by  which  crystals  are  obtained  in  the  form  of  dodecahe- 
drons, composed  of  two  six-sided  pyramids,  joined  by 
their  bases.  It  has  a  cooling  pungent  taste,  soluble  in 
its  own  weight  of  cold,  and  in  half  its  weight  of  boiling 
water. 

The  composition  given  by  Stromeyer,  is 
acid,  50.64  or  1  atom  67.5 

strontia,    49.88      1  atom  65. 


the  atom  of  the  nitrate  being        132.5 
Nitrate  of  strontia  occurs  also  in  union  with  water, 
forming  a  salt,  crystallizing  in  acute  rhombs,  and  efflo- 
rescent.    It  consists  of  1  atom  of  acid,  1  of  base,  and 
4  of  water. 

When  nitrate  of  strontia  is  exposed  to  heat  in  a  cruci- 
ble, it  is  fused,  and  if  the  temperature  be  increased,  it  is 
decomposed,  the  whole  of  the  acid  being  expelled,  and  the 
earth  left  pure ;  and  hence  the  method  by  which  it  is  ge- 
nerally obtained,  merely  by  heating  the  nitrate  in  an 
iron  or  platinum  crucible,  excluded  from  air,  till  acid 
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fames  cease  to  come  off,  and  putting  the  prodacty  when 
removed  from  the  fire,  into  a  well-stoppered  phial. 

Nitrate  of  strontia  deflagrates  when  heated  with  inflam- 
mable matter,  and  during  the  deflagration,  the  flame  as- 
sumes a  beautiful  red  tinge,  a  character  peculiar  to  the 
salts  of  this  earth  ;  and  hence  an  easy  method  of  distin* 
guishing  them  from  those  of  baryta.  On  putting  a  crys- 
tal of  nitrate  of  strontia  on  the  wick  of  a  candle,  the 
flame  instantly  becomes  red  ;  whereas,  when  a  barytic  salt 
is  used,  there  is  very  little  change.  For  the  success  of 
this,  however,  water  must  be  present.  If,  for  instance, 
when  the  red  tinge  of  the  flame  has  ceased,  the  wick  be 
touched  with  water,  it  instantly  re-appears,  and  this  may 
be  repeated  several  times.  Hence  also  the  use  of  nitrate 
of  strontia  in  making  red  signal  lights,  which  are  prepared 
by  mixing  34  parts  of  nitrate  of  strontia,  4  of  sulphur, 
1  of  charcoal,  and  S  of  sulphuret  of  antimony,  and  to 
which  there  is  sometimes  added  2  of  chlorate  of  potass, 
the  last  of  which  must  of  course  be  reduced  to  powder 
alonei  and  then  mixed  cautiously  with  the  others. 

Carbonate  of  Strontia. 

Carbonate  of.  strontia  may  be  formed  by  the  addition 
of  carbonic  acid  water  to  solution  of  strontia,  or  by  mix- 
ing alkaline  carbonate  with  the  nitrate,  by  which  a' white 
tasteless  insoluble  powder  is  precipitated.  It  is  not, 
however,  prepared  in  this  way,  being  a  native  produc- 
tion. It  occurs  in  Strontian  in  Argyleshire,  where,  as 
has  been  already  mentioned,  the  mineral  was  found  in 
which  it  was  discovered  by  Dr  Hope.  It  is  generally 
massive,  either  fibrous  or  columnar,  but  it  is  occasionally 
crystallized.  It  is  usually  of  a  greenish  colour.  When 
exposed  to  a  strong  heat,  its  acid  is  driven  off,  and  hence 
another  method  of  obtaining  the  pure  earth  ;  but  for  this 
purpose  the  artificial  carbonate  ought  to  be  used,  as  from 
it  the  carbonic  acid  is  more  easily  expelled  than  from  the 
other. 
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It  is  oompoeed  of 

acid,         80  or  1  atom,     VI Ji 
fttrontia,   70        1  atom,     65. 

the  atom  of  the  carbonate  being         92*5 
All  the  acids  decompose  it,  uniting  tnth  its  base,  and 
hence  the  method  by  which  the  different  strontitic  salts 
formed. 


SidpluUe  qf  Strontia. 

Sulphate  of  strontia  may  be  formed  by  the  addition  of 
•olphuric  acid,  or  an  alkaline  sulphate,  to  the  nitrate, 
by  which  a  white  powder  is  deposited,  differing  from  suL* 
phste  of  baryta  in  being  soluble,  though  sparingly  so, 
requiring  8840  of  water,  at  a  boiling  heat,  to  dissolve  it. 

According  to  Stromeyer,  its  composition  is,  acid  48, 
strontia  57,  or  an  atom  of  each,  which  would  make  it 
4S.47  to  56.58. 

Like  other  sulphates,  it  is  decomposed  by  heat  and 
charcoal,  yielding  a  sulphuret  of  strontium,  which,  when 
thrown  into  water,  becomes  a  hydro-sulphate ;  and,  as 
this  is  decomposed  by  acids,  hence  another  mode  of  form- 
ing the  soluble  compounds  of  strontia ;  for,  after  decom- 
posing the  sulphate,  and  dissolving  the  product,  we  have 
merely  to  add  to  the  solution  the  acid  with  which  we  wish 
the  earth  to  combine,  then  filter,  and  evaporate. 

Sulphate  of  strontia  is  also  a  native  production,  occur-i 
ring  both  massive  and  crystallized.  It  is  found  near  Bris- 
toly  and  in  some  parts  of  Sicily. 

Muriate  of  Strontia, 

Muriate  of  strontia  is  procured  by  dissolving  the  car^ 
bonate  in  muriatic  acid,  but  which  must  be  diluted,  be- 
cause the  strong  acid  acts  slowly  on  it ;  or  it  may  be  ob- 
tained by  the  addition  of  the  acid  to  the  solution  of  the 
decomposed  sulphate.  By  evaporation  slender  prismatic 
crystals  are  deposited,  having  a  sharp  peculiar  taste^ 
deliquescent,  and  very  soluble,  requiring  less  than  their 
6wti  weight  of  water,  at  a  natural  tempttature,  for  solu-* 
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tion.     When  subjected  to  heat  they  lose  upwards  of  40 
per  cent,  of  water,  and  become  chlorid. 

Very  different  statements  have  been  given  of  the  com-> 
position  of  this  salt.  It  is,  according  to  Thomson,  com- 
posed of 

1  atom  acid,         46.25  or  22.98 
1  atom  strontia,  65.  32.98 

9  atoms  water,  101.25       41.04 

In  exposing  it  to  heat,  in  addition  to  the  water  of 
crystallization,  that  formed  by  the  union  of  the  hydrogen 
of  the  acid  and  oxigen  of  the  base  is  also  given  off. 

The  muriate,  like  the  nitrate,  tinges  the  flame  of  burn- 
ing bodies  red.  It  is  decomposed  by  the  alkaline  carbo- 
nates and  sulphates  which  precipitate  carbonate  and  sul- 
phate of  the  earth. 

Strontia  has  no  action  with  the  alkalies.  It  decom- 
poses the  alkaline  carbonates  and  sulphates,  depriving 
them  of  their  acids.  It  is  not  put  to  any  use.  The 
only  compound  employed  is  the  nitrate,  which,  it  has 
been  already  said,  is  used  in  the  manufacture  of  red  sig- 
nal Ughts. 


MAGNESIUM  AND  MAGNESIA. 

About  the  beginning  of  the  18th  century,  a  white 
powder  known  by  the  name  of  magnesia  aJba^  was  in  com- 
mon use  in  the  cure  of  some  diseases,  and  was  generally 
believed  to  be  lime,  till  Hoffman,  in  1722,  proved  that  it 
was  altogether  different  from  it,  more  particularly  in  the 
properties  of  its  compounds.  It  was  not,  however,  till 
the  discoveries  of  Dr  Black,  in  1775,  that  we  became 
acquainted  with  its  true  nature.  He  first  shewed  that  it 
contained  an  earth  different  from  those  then  known,  and 
to  which  the  name  of  magnesia  has  been  given.  This 
term  is  still,  however,  applied  by  some  to  the  other  sub- 
stance; thus,  the  magnesia  of  commerce  is  that  from 
which  the  pure  earth  is  obtained,  while  the  latteE  is  ge- 
nerally sold  by  the  name  of  calcined  magnesia,  or  mc^ne^ 
sia  usta. 


MAGNESIA.  485 

Davy  succeeded  in  decomposing  magnesia  by  a  process 
similar  to  that  by  which  the  other  earths  were  decompos- 
ed, but  it  was  very  tedious,  and  he  did  not  procure  the 
metallic  matter  pure  from  the  amalgam,  owing  to  its  act- 
ing on  the  glass  of  the  tube.  In  one  experiment  in  which 
the  distillation  was  stopped  before  the  whole  of  the  mer- 
cury was  expelled,  a  white  metallic  substance  was  obtain- 
ed, which,  when  exposed  to  air  or  thrown  into  water,  ab- 
sorbed oxigen,  and  generated  magnesia.  To  this  the 
name  of  moffnesium  has  been  given, — the  only  known 
compound  of  which  with  oxigen  is  magnesia ;  but  the 
proportions  have  not  been  established  by  experiment 
The  atomic  weight  of  magnesia  is,  according  to  Dr 
Thomson,  25,  and  as  it  is  supposed  to  contain  an  atom 
of  each  of  its  ingredients,  that  of  magnesium  is  15,  (25 
—  10  =  15 ;)  if  so,  its  composition  will  be, 

magnesium  60,  oxigen  40. 

Magnesia  is  a  white  light  powder  without  taste  or 
smelL  Its  sp.  gr.  is  £300.  It  does  not  suffer  any  change 
by  exposure  to  the  heat  of  a  powerful  furnace,  but  it  can 
be  fused  by  the  oxi-hydrogen  blow-pipe. 

When  exposed  to  air,  it  undergoes  very  little,  if  any 
change.  Like  other  powders,  it  absorbs  moisture,  but  it 
does  not  seem  to  attract  carbonic  acid,  at  least  if  it  does, 
it  must  unite  with  it  very  slowly,  for  Butini  found,  that 
in  the  course  of  two  years  it  increased  only  1-1 44th  in  its 
weight ;  in  this  respect,  it  differs  from  the  earths  already 
described. 

It  is  very  sparingly  soluble,  and  in  its  solubility  it 
resembles  lime,  being  taken  up  in  greater  quantity  by 
cold  than  by  warm  water.  It  requires  51 4S  of  the  for- 
mer, and  no  less  than  36,000  of  the  latter  to  dissolve  it ; 
hence  a  cold  solution,  the  moment  that  it  begins  to  boil, 
becomes  turbid.  The  solution  is  transparent  and  colour- 
lessy  and,  like  those  of  the  preceding  earths,  changes 
Uues  to  green.     (£d.  Phil.  Joum.) 

Though  there  is  no  particular  action  on  the  addition  of 
water  to  magnesia,  yet  there  is  an  affinity  between  them. 
It  has  been  found  native  in  the  state  of  hydrate^  and 
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when  thrown  down  from  the  solution  of  any  of  its  salts, 
it  also  retains  water.  The  composition  of  the  precipitaU 
ed  magnesia  varies,  and  it  does  not  seem,  from  any  of 
the  statements,  that  the  ingredients  are  iu  atomic  propor- 
tions* The  native  compound  is,  however,  a.proto-hydrate. 
According  to  analysis,  I  have  found  it  composed  of 
earth  69.75,  water  80.S£^,  or  an  atom  of  each«  (Ed.  Ph. 
Journ.) 

Magnesia  differs  from  the  other  earths  already  no- 
ticed, in  not  acting  with  sulphur  and  phosphorus.  When 
chlorine  is  passed  over  it,  oxigen  gas  is  disengaged,  and 
chloiid  of  magnesium  remains,  each  volume  of  the  for^ 
mar  consumed  setting  free  half  a  volume  of  the  latter. 

Salts  of  Magnesia. 

Magnesia  unites  readily  with  the  acids,  and  forms  com- 
pounds, which  in  general  are  soluble,  and  differ  much  in 
their  qualities  from  those  of  the  preceding  earths,  and  it 
possesses  also  the  property  of  uniting  along  with  oth«r 
bases,  and  forming  triple  salts. 

Nitrate  qf  Magnesia. 

Nitrate  of  magnesia  may  be  formed  by  saturating  the 
acid  by  the  addition  of  the  earth  or  its  carbonate,  and 
evaporating  the  solution,  by  which  prismatic  crystals 
may  be  procured.    These,  on  the  application  of  heat,  first 
undergo  watery  fusion,  and  on  the  continuance  of  it,  give 
off  the  acid,  and  leave  the  earth  pure. 
According  to  Thomson,  they  are  composed  of 
1  atom  acid,        -       67.5  or  42.18 
1  atom  magnesia,    -  25  15.64 

6  atoms  water,      -     67.5      42.18 
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160        100 
Nitrate  of  magnesia  is  decomposed  by  the  alkalies  and 
their  carbonates.     The  action  with  ammonia  is  impor- 
tant, because  by  it  a  trijde  nitrate  of  magnesia  and  ammo* 
ak  is  formads  which  is  deposited  in  the  state  of  a  white 
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povdcr,  and  which,  like  the  nitrate,  is  decomposed  by 
heat)  the  ammonia  and  acid  being  expelled. 

Carbonate  of  Magnesia. 

Carbonate  of  magnesia,  but  not  pure,  may  be  obtained 
by  the  addition  of  an  alkaline  carbonate  to  a  magnesian 
salt,  by  which  a  white  light  powder  resembling  the  pure 
earth  is  precipitated.  It  is  tasteless  and  inodorous.  Of 
9p.  gr.  5iS00.  It  is  not  altered  by  exposure  to  air.  Sub- 
jected 4o  a  moderate  heat,  it  becomes  phosphorescent, 
•od  when  the  temperature  is  high,  is  decomposed,  the 
acid  being  expelled,  and  the  pure  earth  left,  and  hence 
the  method  recommended  in  the  pharmacopoeias  for  pre- 
paring it.  All  that  is  necessary  is  to  expose  it  to  a  red 
heat  in  a  crucible.  It  is  from  this  method  of  procuring 
it,  that  pure  magnesia  is  commonly  called  magnesia  usta, 
or  calcined  magnesia. 

Carbonate  of  magnesia  is  soluble,  though  very  sparing- 
ly BO,  and  in  its  solubility  it  resembles  the  pure  earth, 
being  more  soluble  in  cold  than  in  warm  water.  The  so- 
lution is  transparent  and  colourless,  and  changes  vege- 
table blues  to  green. 

Different  opinions  are  entertained  with  respect  to  the 
composition  of  the  compound  formed  by  the  decomposi* 
tion  of  the  magnesian  salt  by  the  alkaline  carbonate. 
Berzelius  considers  it  composed  of  carbonate  and  quadri* 
hydrate  of  magnesia,  in  the  proportion  of  3  of  the  for- 
mer to  1  of  the  latter.  In  other  specimens,  the  compon- 
tion  was  different,  which  seemed  to  be  occasioned  by 
the  mode  of  preparing  it. 

Pure  carbonate  of  magnesia  occurs  native  and  anhy- 
drous. It  exists  in  great  abundance  in  Hindostan,  where 
it  forms  immense  mountains.  According  to  the  analysis 
of  Thomson  and  Stromeyer,  it  is  composed  of 

1  atom  acid,         27.5  or  62.38 
1  atom  base,        25         47.62 

Pure  carbonate  of  magnesia  may  also  be  formed  ar- 
tificially, by  passing  a  stream  of  gas  through  water,  hoUU. 
ing  magnesia  suspended  in  it,  and  filtering  and  crystallia« 
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ing  it.  It  is  more  soluble  than  the  common  carbonate, 
requiring  only  about  48  of  cold  water  to  dissolve  it. 
When  exposed  to  air  it  effloresces,  and  becomes  anhy- 
drous.    According  to  Berzelius,  it  is  composed  of 

1  atom  acid,        27.5    or  32 
1  atom  earth,      S5  28.6 

8  atoms  water,  S3.75  89.4 
All  the  acids  decompose  carbonate  of  magnesia,  unit- 
ing with  its  base,  and  liberating  its  acid.  When  car- 
bonic acid  gas  is  passed  through  water,  holding  it  in  sus- 
pension, a  transparent  solution  is  formed,  commonly  sold 
under  the  name  of  CLerated  magnesia  water ^  and  which  is 
used  for  the  same  purposes  as  soda  water. 

Carbonate  of  magnesia  is  used  in  medicine  as  a  correct 
tor  of  acidity,  and  in  calculous  complaints,  in  the  latter  of 
which  it  is  generally  taken  in  the  form  of  the  magnesia 
water. 

phosphate  of  Magnesia, 

Phosphate  of  magnesia  may  be  formed  by  the  addition 
of  an  alkaline  phosphate  to  a  soluble  magnesian  salt,  by 
which  a  white  powder  is  precipitated,  provided  concen- 
trated solutions  are  used ;  but  when  they  are  diluted,  the 
phosphate  is  gradually  deposited  in  slender  six-sided 
prismatic  crystals.  They  are  sparingly  soluble.  They 
effloresce  on  exposure  to  air,  and  on  the  application  of 
heat,  lose  their  water  of  crystallization. 

They  consist,  according  to  Thomson,  of 

1  atom  acid,  35 

I  atom  base,  25 

7  atoms  water,         78.75 

If  to  the  solution  of  phosphate  of  magnesia,  ammonia 
be  added,  a  white  precipitate  of  phosphate  of  magnesia 
and  ammonia  appears.  It  may  also  be  formed  by  the  ad- 
dition of  ammonia,  or  its  carbonate,  to  a  mixture  of  dilut- 
ed solutions  of  phosphate  of  soda,  and  a  magnesian  salt.  It 
is  insoluble  in  water.  When  heated,  it  emits  an  ammo- 
niacal  odour,  and  if  the  heat  be  strong,  the  whole  of  the 
aUiali  is  disengaged,  and  phosphate  of  magnesia  remains* 
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When  heated  with  charcoal,  the  acid  is  decomposed,  and 
phosphorus  distils  over. 

Sulphate  of  Magnesia. 

Sulphate  of  magnesia  is  perhaps  the  most  interesting 
of  the  magnesian  salts.  It  may  be  procured  by  saturating 
the  acid  by  the  earth  or  its  carbonate,  but  there  is  no 
necessity  for  preparing  it  in  this  way,  being  more  easily 
obtained  from  other  sources  to  be  immediately  mention- 
ed. It  exists  in  many  mineral  waters,  as  those  of  Epsom^ 
from  which  it  has  been  called  Epsom  saltSy  and  it  occurs 
also  in  sea  water,  from  which  it  is  usually  procured. 
For  this  purpose,  the  fluid  that  remains  after  the  sea 
salt  has  been  extracted,  and  which  is  called  bittern^  is 
evaporated,  during  which  sulphate  of  magnesia  is  depo- 
sited. But  besides  sulphate,  bittern  contains  also  muri- 
ate of  magnesia,  and  as  from  it  muriatic  acid  is  some- 
times procured  for  particular  purposes,  by  the  addition 
of  sulphuric  acid,  the  residue,  on  evaporation,  yields  crys- 
tals of  sulphate.  In  those  countries  where  minerals  con- 
taining magnesia  abound,  the  sulphate  is  obtained  from 
them  by  exposing  them  to  air  and  moisture,  by  which 
the  sulphur  they  contain  is  acidified,  and  combines  with 
the  earth,  so  that  by  solution,  filtration,  and  evaporation^ 
crystals  can  be  procured. 

Sulphate  of  magnesia  crystallizes  in  quadrangular 
prisms,  terminated  by  four-sided  pyramids.  It  has  a 
sweetish  bitter  taste.  Provided  it  is  pure,  it  is  not  alter- 
ed by  exposure  to  air,  but  as  usually  obtained,  it  is  deli- 
quescent. When  heated,  it  undergoes  watery  fusion, 
and  by  continuance  of  it,  the  water  is  expelled,  and  the 
dry  salt  is  left,  which  bears  a  most  intense  heat  without 
becoming  fluid.  It  is  soluble  in  its  own  weight  of  cold, 
and  S-4ths  of  boiling  water. 

The  composition  of  sulphate  of  magnesia  has  been 
difierently  stated  by  authors.  According  to  the  best 
analysis,  it  is  composed  of 
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acid,  32.72        1  atom,  50 

base,  16.26        1  atom,  25 

water,  51.22         7  atoms,  78.75 


100  153.75 

Sulphateof  magnesia  is  decomposed  by  the  alkalies,  and 
6ome  of  the  alkaline  carbonates ;  and  hence  a  method  of 
procuring  magnesia,  or  its  carbonate ;  the  latter  of  which 
is  a  pharmaceutical  process.  It  consists  in  mixing  the 
solution  of  4  parts  of  the  sulphate  with  that  of  3  of 
carbonate  of  potass,  having  previously  filtered  them* 
The  mixture  is  then  to  be  boiled  and  filtered,  by  which 
carbonate  of  magnesia  is  procured.  The  reason  for  boil- 
ing, is  to  drive  off  any  excess  of  carbonic  acid,  which 
would  keep  part  of  the  carbonate  in  solution.  If,  in* 
stead  of  using  carbonate,  a  solution  of  bi-carbonate 
be  employed,  there  is  no  precipitation,  because  the  solu- 
ble super-carbonate  of  magnesia  is  formed ;  but  on  boil- 
ing, the  powder  of  carbonate  is  deposited. 

On  the  addition  of  carbonate  of  ammonia  to  the  sulphate 
there  is  no  decomposition,  because  the  affinity  between 
the  acid  and  earth  is  too  strong ;  and  hence  an  easy  me* 
thod  of  separating  this  earth  from  the  others  with  which 
it  may  be  mixed.  For  instance,  on  adding  the  carbonate^ 
the  earths  already  described  are  precipitated,  and  on  fill 
tering  and  adding  phosphate  of  soda,  the  magnesia  will 
be  deposited  in  the  form  of  phosphate  of  magnesia  and 
ammonia.     (See  Mineral  Waters.) 

Muriate  qf  Magnesia. 

Muriate  of  magnesia  is  a  natural  production.  It  ex- 
ists in  sea  water,  and  is  that  ingredient  which  imparts  to 
it  its  bitter  taste,  and  impairs  its  antiseptic  qualities. 
When  its  solution  is  evaporated,  acicular  crystals  are  ob- 
tained, soluble  in  about  half  their  weight  of  water.  It 
differs  from  other  muriates  in  not  becoming  a  pure  chlo-» 
rid  when  heated,  for  part  of  the  acid  is  expelled.  Ao» 
cording  to  Henry  and  Marcet,  it  constitutes  about  l-8th 
part  of  the  saline  mass  obtained  by  the  evaporation  of 
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water.     The  mode  of  removing  it  from  the  muriate  of 
ioda  has  been  already  described  in  p.  435. 

Magnesia  is  not  put  to  any  use,  except  in  medicine, 
being  employed  for  the  same  purpose  as  the  carbonate. 
It  abounds  in  the  mineral  kingdom.  Magnesian  fossils 
are  in  general  soft,  have  an  unctuous  feel,  and  are  al- 
moat  always  of  a  greenish  colour.  Besides  magnesia, 
they  contain  silica,  which  is  in  general  in  greatest  quan- 
tity ;  but  it  is  the  magnesia  that  gives  them  their  parti* 
cular  properties.  Magnesia  occurs  also  in  combination 
with  carbonate  of  lime,  in  what  is  called  magnesian  lime* 
sionty  which  is  often  mistaken  for  common  limestone ; 
and  as  the  magnesia  is  supposed  to  be  detrimental  in 
agriculture,  it  is  of  consequence  to  be  able  to  distin- 
guish them.     (See  Appendix.  J 

LITHIUM  AND  LITHIA. 

LiTHiA  was  discovered  by  Arfvredson  in  the  mineral 
called  Petalite^  and  it  has  since  been  found  also  by  the 
fame  chemist,  in  the  minerals  termed  Spodumene  and 
Ltpidclite.  It  was  first  mistaken  for  soda  ;  but  an  exa- 
nination  of  its  properties  soon  proved  it  to  be  a  distinct 
substance,  difierent  from  any  other  then  known.  (An. 
de  Ch.  et  Phys.  x.)  The  name  of  lithia  has  been  given 
to  it,  derived  from  Ai^««(,  lapideuSj  to  distinguish  it  from 
the  fixed  alkalies,  which  are  usually  derived  from  vege- 
table sources.  Though  it  is  generally  classed  along  with 
the  alkalies,  it  seems  more  properly  to  belong  to  the  al- 
kaline earths ;  for  though  itself  resembling  alkalies  in  its 
properties,  yet  its  salts  are  not  all  soluble  in  water, 
which  is  the  case  with  those  of  potassa,  soda,  and  ammo- 
nia. For  this  reason  I  have  brought  it  in  with  the  so- 
luble earths. 

Different  methods  have  been  recommended  for  procur- 
ing lithia,  the  simplest  of  which  are  those  of  Arfvredson 
and  Berzelius.  That  of  the  former  consists  in  fusing 
petalite  with  carbonate  of  potassa,  dissolving  in  muriatic 
acid,  evaporating  to  dryness,  and  treating  the  residue 
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with  alcohol,  by  which  muriate  of  lithia  is  dissolved. 
The  muriate  is  then  digested  with  carbonate  of  silver,  by 
which  muriate  of  silver  is  deposited,  and  carbonate  of  li- 
thia left  in  solution,  from  which  the  acid  can  be  removed 
by  lime,  and  by  filtration  and  evaporation  excluded  from 
air ;  pure  lithia  is  left  Berzelius  prepares  lithia  by  mix- 
ing the  mineral  with  fluor  spar  and  oil  of  vitriol,  and 
heating  the  mixture  till  the  whole  of  the  fluo-silicic  acid 
is  driven  off.  The  residue  is  then  dissolved,  by  which 
sulphate  of  lithia  is  obtained,  and  from  which  the  acid 
can  be  removed  by  baryta,  and  the  earth  left  pure. 

Lithia,  like  the  fixed  alkalies  and  alkaline  earths,  con- 
tains  a  metallic  matter  in  combination  with  oxigen. 
Davy,  by  subjecting  its  carbonate  to  the  action  of  his 
powerful  battery,  succeeded  in  decomposing  it,  by  which 
minute  globules  of  a  metallic  matter  were  formed,  but 
which  were  almost  instantly  inflamed.  The  base  thus 
evolved  has  been  called  Lithium,  the  only  known  com- 
pound of  which,  with  oxigen,  is  lithia ;  but  the  propor- 
tions have  not  been  determined  by  experiment.  Thorn* 
son,  (First  Pr.)  partly  from  his  own  experiments,  and 
partly  from  those  of  Arfvredson,  Berzelius,  and  Stro- 
meyer,  has  fixed  the  atomic  weight  of  lithia  at  S2.5;  and 
considering  it  a  compound  of  an  atom  of  each  of  its  in- 
gredients, he  considers  that  of  lithium  to  be  1S.5  ;  if  sO| 
lithia  must  be  composed  of  55  of  base  to  45  of  oxigen. 

Lithia  has  an  acrid  taste,  like  that  of  the  fixed  alkai- 
lies.  It  is  soluble  in  water,  forming  a  transparent  co» 
lourless  solution,  which  changes  blues  to  green.  It 
unites  with  the  acids,  and  forms  salts.  The  sulphate, 
nitrate,  and  muriate,  are  soluble  in  water,  and  the  last 
also  in  alcohol,  causing  it  to  bum  with  a  red  flame. 
The  carbonate  is  but  sparingly  soluble,  requiring  about 
100  times  its  weight  of  water  for  solution.  Like  the  al- 
kaline carbonates,  it  changes  blues  to  green,  and  gives  off 
its  acid  to  lime.  When  fused  in  a  platinum  crucible,  it 
acts  on  it  powerfully,  like  the  nitrates  of  the  alkalies. 

Phosphate  of  lithia  is  insoluble,  in  this  respect  resem* 
bling  the  earths. 
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ALUMINUM  AND  ALUMINA. 

Thk  salt  called  alum,  which  has  been  long  in  use  in 
the  arts,  was  soon  discovered  to  contain  sulphuric  acid  ; 
but  the  base  with  which  it  was  in  union,  was  not  known. 
Newman  supposed  that  it  was  lime ;  but  Margraaff,  in 
1754,  shewed  that  it  was  an  earth  of  a  peculiar  nature, 
and  the  same  that  exists  in  clay.  He  therefore  gave  it 
the  name  of  Argil,  which  was  afterwards  changed  to 
eluminaj  from  its  being  the  base  of  alum.  It  is  some- 
times called  also  Fuller's  Earth,  from  clay  in  which  it 
exists  in  considerable  quantity  being  employed  by  ful- 
lers. 

Alumina,  when  obtained  from  alum,  differs  in  its  ap- 
pearance, according  to  the  method  followed,  particular- 
ly with  respect  to  the  quantity  of  water  in  which  the  salt 
has  been  dissolved.  When  a  concentrated  solution  has 
been  used,  the  earth  is  in  the  state  of  a  fine  white  pow- 
der; but  if  it  has  been  much  diluted,  it  forms  a  trans- 
parent gelatinous  mass,  contsuning  a  considerable  quanti- 
ty of  water,  and  for  which  it  seems  to  have  a  strong  at- 
traction, retaining  it  with  great  avidity. 

Davy  did  not  succeed  in  decomposing  alumina  by  gal- 
vanism, but  he  seems  by  other  processes  to  have  effected 
its  decomposition.  When  it  was  subjected  to  the  galva- 
nic influence  along  with  potassa,  metallic  globules  were 
procured,  which,  when  thrown  into  water,  generated  po- 
tassa and  alumina.  When  heated  in  the  same  way  along 
with  potassium,  similar  results  were  obtained.  When 
also  the  vapour  of  potassium  was  passed  over  it  at  a  red 
heat,  potassa  was  formed,  and  minute  globules  appeared, 
which  by  the  action  of  water  generated  alumina.  From 
these  experiments,  there  seems  no  doubt  that  alumina, 
like  the  other  earths,  is  composed  of  oxigen  and  a  metal- 
lic base,  to  which  the  name  of  aluminum  has  been  given. 

The  composition  of  alumina  has  not  yet  been  ascer- 
tained by  direct  experiment,  nor  has  its  atomic  weight 
been  fixed  with  certainty.     Dr  Thomson,  from  reasoning 
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founded  on  the  composition  of  minerals,  into  which  it 
enters  as  a  component  part,  and  from  the  decomposition 
of  some  of  its  salts,  particularly  alum,  has  concluded 
that  the  atomic  weight  of  alumina  is  22.5,  and  consider- 
ing it  a  compound  of  an  atom  of  each  of  its  ingredients, 
that  of  aluminum  will  be  12.5, 

When  alumina  is  expbsed  to  heat,  it  contracts,  and  as 
the  contraction  is  in  proportion  to  the  intensity  of  tHe 
heat,  and  is  permanent,  Wedgewood  has  had  recourse  to 
it  in  measuring  high  temperatures,  (p.  19.) 

Alumina  does  not  suffer  any  change  by  the  heat  of  a 
powerful  furnace,  but  it  can  be  fused  by  the  oxi-hydro- 
gen  blow-pipe,  and  it  then  forms  a  semi-transparent  glo- 
bule. 

Alumina  is  insoluble ;  it  seems,  however,  to  have  a 
strong  attraction  for  water.  As  usually  obtained,  it  con- 
tains half  its  weight  of  it,  and  if  the  atomic  weight  of 
the  pure  earth  be  22.5,  this  compound  must  be  a  bi-hgf^ 
drate ;  for  22.5  is  the  number  denoting  2  atoms  of  water^ 
When  this  is  heated,  it  becomes  a  proto-Aydrate,  and  on 
the  continuance  of  the  heat,  pure  alumina  remains. 
Hence  probably  the  cause  of  the  contraction  occasioned 
by  a  high  temperature. 

Alumina  has  no  action  with  the  simple  acidifiable  bo^ 
dies,  in  this  respect  differing  from  the  earths  already  de- 
scribed. 

Alumina  unites  with  the  acids  ;  the  only  compound  of 
any  interest  is  that  with  sulphuric  acid.  When  the  acid 
is  poured  on  the  earth,  a  solution  is  formed,  which,  by 
evaporation,  yields  crystals  of  sulphate,  and  which  were 
at  one  time  supposed  to  be  the  same  as  alum.  It  is  now 
known,  however,  that  alum  is  a  triple  salt,  and  is  various 
in  its  composition,  according  to  the  mode  of  preparatiOD. 

Mum, 

Different  varieties  of  alum  have  been  enumerated,  as 
sulphate  of  alumina  and  potass,  sulphate  of  alumina  and 
soda,  sulphate  of  alumina  and  ammonia,  the  first  of  which 
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is  the  most  common ;  but  the  alum  of  commerce  is  fre- 
quently a  mixed  salt. 

Alum  is  in  general  obtained  in  fine  large  octohedral 
crystals;  has  a  sweetish,  astringent  taste ;  when  exposed 
to  a  dry  atmosphere,  it  effloresces,  but  in  one  of  mode- 
rate moisture,  it  does  not  undergo  any  change.  It  is  so- 
luble in  about  SO  parts  of  cold,  and  in  3-4ths  of  its  weight 
of  boiling  water.  The  solution  is  transparent  and  co- 
lourless, and  possesses  the  property  of  reddening  vege- 
table blues ;  hence  it  must  contain  an  excess  of  acid. 
When  subjected  to  a  moderate  heat,  it  becomes  fluid, 
undergoing  watery  fusion ;  and  by  continuing  the  heat, 
the  whole  of  the  water  is  expelled,  and  a  dry,  spongy 
mass  is  left,  commonly  called  burnt  alum.  If  the  tempe- 
rature to  which  it  is  exposed  is  high,  part  of  the  acid 
escapes ;  the  whole  of  it  cannot,  however,  be  expelled, 
even  though  the  heat  is  continued. 

Difierent  statements  have  been  given  of  the  composi- 
tion of  alum,  partly  owing  to  a  difierence  in  it,  occasion- 
ed by  the  mode  of  preparation,  and  partly  also  to  the, 
composition  of  sulphate  of  baryta,  formed  in  the  analysis, 
not  having  been  ascertained  with  accuracy  at  the  time 
that  the  experiments  were  made.  They  all,  however, 
agree  in  considering  it  a  triple  salt  of  sulphuric  acid, 
alumina,  and  potassa,  with  water  of  crystallization. 

The  different  analyses  are. 


PhiUfps. 

BeneUut. 

Thomioi 

Acid, 

34.94 

84.23 

82.8 

Alumina, 

11.18 

10.86 

11. 

Potassa, 

10.33 

9.81 

9.8 

Water, 

43.55 

45. 

46.4 

The  analysis  of  Thomson  has  been  frequently  repeat- 
ed, and  always  with  the  same  result,  (First  Pr.) ;  so  that 
we  may  consider  it  as  correct.  According  to  him  the 
alumina  and  potass  are  in  union  with  the  acid,  each  form-»^ 
ing  neutral  salts ;  and  considering  this  the  state  of  com- 
bination, he  supposes  alum  to  be  a  compound  of 
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8  atoms  sulphate  of  alumina,  21 7.5 

1  atom  sulphate  of  potass,  -  110 

S5  atoms  of  water,         ...  281.25 


its  atomic  weight  being  -  608.76 

The  other  varieties  of  alum,  those  containing  soda  and 
ammonia,  have  not  been  accurately  analyzed. 

The  action  between  alum  and  carbon  is  peculiar  and 
important.  When  exposed  to  heat  with  any  substance 
containing  it,  as  vegetable  matter,  it  is  decomposed,  and 
a  black  powder  remains,  which  takes  fire  when  exposed 
to  the  atmosphere,  from  which  property,  and  from  its  be- 
ing discovered  by  Homberg,  it  is  called  Homber^a  Py^ 
rophenis. 

To  procure  it,  3  parts  of  alum  and  2  of  brown  sugar 
are  heated  in  a  ladle,  by  which  they  melt  and  swell  con- 
siderably. The  mixture  is  then  to  be  well  stirred,  till  it 
becomes  dry,  after  which  it  is  to  be  reduced  to  fine  pow- 
der, and  exposed  to  a  red  heat.  For  this  purpose^  it 
must  be  put  into  a  small  phial,  the  mouth  of  which  is 
loosely  stopped  with  a  plug  of  clay,  and  having  placed 
this  in  a  crucible  with  sand,  it  is  exposed  to  heat  in  a 
fire  till  a  bluish  flame  appears  at  the  mouth.  After  ali> 
lowing  this  to  burn  for  about  five  minutes,  the  crucible 
must  be  removed,  and  the  bottle  corked  as  soon  as  pos- 
sible. 

When  the  product  of  this  experiment  is  exposed  on  a 
piece  of  paper  to  the  air,  it  becomes  red  hot  at  different 
places,  which  soon  spreads  over  the  whole  mixture.  If 
a  little  of  it  be  thrown  into  a  jar  of  oxigen  gas,  the  com- 
bustion becomes  more  brilliant. 

It  was  lately  imagined,  that  in  exposing  the  alum  with 
the  vegetable  matter  to  heat,  the  acid  was  decomposed, 
carbonic  acid  being  evolved,  while  the  sulphur  united 
with  the  potassa,  forming  what  is  commonly  called  a  sul- 
phuret  of  potass,  which  was  left  mixed  with  charcoal ; 
and  that,  on  exposure  to  air,  the  sulphurct  rapidly  ab- 
sorbed moisture,  and  generated  heat  sufficient  to  cause 
inflammation.     Since  the  discovery  of  the  composition  of 
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potassa,  it  has  been  supposed  that  this  is  also  decompos- 
ed»  and  potassium  formed,  which  being  in  union  with  the 
sulphur,  may  unite  with  the  oxigen  either  of  the  air 
or  of  its  moisture,  and  thus  kindle  the  charcoal ;  a  suppo- 
sition sufiBciently  probable,  as  it  is  known  that  some  of 
the  other  salts  containing  potass,  particularly  when  in 
union  with  a  vegetable  alkali,  yield  the  same  product ; 
besides,  unless  the  alum  contains  potass,  we  fail  in  get- 
ting pyropherus  from  it. 

Alum  is  decomposed  by  the  alkalies  and  their  carbo- 
nates, both  of  which  precipitate  alumina,  the  latter  even 
free  from  carbonic  acid,  there  being  apparently  between  it 
and  the  earth  little  or  no  attraction.  Hence  the  method 
of  preparing  alumina.  To  a  solution  of  alum  in  water, 
.that  of  the  alkaline  carbonate  is  added  as  long  as  it  will 
throw  down  a  precipitate,  which  is  then  to  be  well  wash- 
ed, dried,  and  exposed  to  a  red  heat.  The  alumina  thus 
obtained  i^  not,  however,  quite  pure,  still  retaining  a 
little  potass.  To  procure  it  free  from  impurities,  Berze- 
lius  recommends  that  the  precipitate  should  be  dissolved 
in  muriatic  acid,  and  again  thrown  down  by  ammonia; 
and  Gay  Lussac  states  that  he  has  obtained  it  pure  by 
decomposing  that  species  of  alum  which  contains  ammo- 
nia  as  its  alkaline  base,  merely  by  heat. 

If,  after  having  added  potassa  to  solution  of  alum, 
with  the  view  of  throwing  down  the  earth,  more  of  it  be 
put  in,  the  precipitate  disappears ;  hence  alumina  is  solu- 
ble in  potassa,  and  the  same  is  the  case  with  soda. 

Alum  is  a  native  production.  Alum  ores  contain,  in 
general,  sulphur,  iron,  alumina,  and  a  small  quantity  of 
potass,  and  from  these  alum  is  procured,  the  process  dif- 
fering in  different  places.  The  simplest  consists  merely 
in  exposing  the  ore,  moistened,  to  the  atmosphere,  and 
stirring  it  occasionally,  so  as  to  present  a  new  surface,  by 
which  the  whole  of  the  sulphur  unites  with  the  oxigen 
from  the  air,  and  becomes  sulphuric  acid,  which  then 
combines  with  the  alumina  and  potassa  to  form  alum. 
The  remaining  part  of  the  process  consists  in  washing  the 
product,  filtering,  and  evaporating,  by  which  crystals  are 
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obtained.  In  some  places  the  ore  is  roasted,  by  burning 
it  with  coals  or  brushwood,  and  keeping  it  exposed  to 
heat  for  a  considerable  time,  by  which  also  the  sulphur 
attracts  oxigen,  and  becomes  sulphuric  acid,  to  unite 
with  the  alkali  and  earth.  When  the  ore  does  not  con- 
tain potass,  some  of  this  must  be  added,  otherwise  alum 
is  not  formed.  For  this  purpose,  the  residue  of  the  ope- 
ration of  soap*makers,  which  contains  potassa  in  union 
with  muriatic  acid,  is  employed,  and  the  alkali  of  which 
unites  with  the  sulphuric  acid  and  alumina,  to  form 
alum. 

Alum  is  used  in  large  quantity  in  the  arts.  When 
added  to  tallow,  it  imparts  hardness  to  it ;  hence  it  ift 
used  by  candle-makers.  When  a  little  of  it  is  mixed 
with  milk,  it  makes  the  butter  separate  more  quickly ; 
and  wood  or  paper  impregnated  with  it,  as  by  soaking 
them  in  its  solution,  does  not  easily  take  £re.  It  is, 
however,  used  chiefly  by  dyers,  in  whose  operations  it 
-serves  a  double  purpose ;  it  opens  the  pores  of  the  cloth, 
and  makes  it  fitter  to  receive  the  dye-stuff,  and  its  earth 
Smites  also  with  the  colouring  matter,  and  thus  renders  it 
more  fixed.  That  alumina  has  a  strong  attraction  for  ccK 
louring  matter  is  shewn,  by  mixing  solution  of  alum  with 
that  of  any  colour,  as  madder  or  cochineal,  and  then  add-> 
ing  potassa ;  the  alumina  is  thrown  down,  taking  with  it 
the  whole  of  the  colour,  with  which  it  is  intimately  incor- 
porated ;  and  hence  a  method  of  preparing  some  paints. 

Other  species  of  alum  have  been  described,  but  their 
properties  have  not  been  particularly  examined,  and  they 
are  not  put  to  any  use. 

MumimUed  Potass. 

It  has  been  already  mentioned,  that  alumina  is  soluUe 
in  the  fixed  alkalies.  The  union  may  be  effected  by  bofl. 
ing  them  in  water,  or  by  heating  them  together  in  a  cru- 
cible, the  former  of  which  is  most  common.  All  that  h 
necessary,  is  to  boil  solution  of  potassa  on  the  earth  till  ft 
ceases  to  dissolve  it,  excluding  the  air  to  prevent  absorp. 
tion  of  carbonic  acid.     The  solution  cidled  aiuminaied 
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/Mm  is  transpareot  and  colourless.  Oa  the  additKHi  of 
■o  acid,  the  alkali  is  neutralized^  and  the  earth  is  preci- 
pitated. The  solubility  of  alumina  in  potass,  forms  an 
excellent  method  of  freeing  it  from  the  other  etuths  al« 
ready  described,  none  of  which  are  acted  on  by  the  al- 
kali ;  and  hence  a  means  of  analysis  frequently  resorted 
to^  (see  Mineral  Waters,) 

Alumina  is  a  very  abundant  production  of  nature. 
Aluminous  fossils  have  not  any  characters  that  can  be 
assigned  to  the  whole  of  them,  they  differ  so  much  from 
^ach  other.  Some  of  the  hardest  and  richest  gems  are 
almost  entirely  composed  of  it,  and  the  different  kinds  of 
clay  are  nearly  of  the  same  composition.  The  oriental 
ruby,  sapphire,  topaz,  amethyst,  and  emerald,  belong  to 
this  class,  all  of  which  contain  at  least  90  per  cent, 
with  a  little  iron  and  silica.  The  oriental  sapphire  has 
no  less  than  98^.  The  most  abundant  of  the  alumi- 
nous productions,  however,  are  the  clays,  among  which 
are  porcelain  clay  and  potters^  clay,  both  employed 
in  the  manufacture  of  different  sorts  of  earthen  ware. 
These,  along  with  alumina,  contain  lime,  magnesia,  aili* 
ca,  and  iron ;  the  fusibility  depends  on  the  proportion 
of  alumina,  and  the  colour  is  imparted  by  the  metal. 

SILICUM  AND  SILICA. 

Silica,  or,  as  it  is  sometimes  called,  earth  of  sea  smid^ 
is,  when  pure,  a  white,  tasteless,  insoluble  powder.  When 
subjected  to  the  action  of  a  powerful  galvanic  battery,  it 
does  not  undergo  any  particular  change.  Davy  and  Beiv 
xelius  have,  however,  succeeded  in  decomposing  it^  bj 
passing  the  vapour  of  potassium  over  it,  at  a  red  heat) 
by  which  potassa  was  formed,  and  a  black  powder  was 
left ;  and  the  latter  has  also  decomposed  it,  by  subject* 
ing  it  to  the  action  of  iron  heated  to  redness,  (An.  de 
Chim.  81.)  ;  and  he  obtained  similar  results  by  the  action 
nf  potassium  on  a  compound  of  silicia,  immediately  to  b^ 

liii 
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noticed.  To  the  base  thus  procured,  the  names  of  riii- 
cum,  Midum^  and  silicon,  have  been  given ;  the  last 
adopted  by  Thomson,  because  he  considers  silica  an  acid, 
and  its  base  analogous  to  carbon,  or  boron. 

Silicum  is  a  dark-coloured  substance,  differing  in  its 
properties  from  the  bases  of  the  alkalies  and  earths.  It 
does  not  burn  when  heated  in  air  or  oxigen.  It  is  not 
acted  on  by  water  or  by  acids,  except  fluoric.  It  unites 
with  sulphur  and  chlorine,  the  sulphuret  and  chloruret 
being  decomposed  by  water  in  the  usual  way.  When 
heated  with  the  fixed  alkalies,  it  acts  on  them  with  de- 
tonation, and  the  same  is  the  case  with  the  alkaline  car- 
bonates, cxu'bonic  acid  being  expelled. 

Berzelius  and  Stromeyer  have  concluded,  from  expe- 
riment, that  silica  is  composed  of  about  5S  of  oxigen  to 
48  of  silica ;  and,  in  a  late  paper  of  the  former  chemist, 
the  proportions  are  stated  to  be  60.3  to  49.7. 

Dr  Thomson,  (First  Pr.),  from  reasoning  founded  on 
an  examination  of  the  different  minerals  in  which  silica 
exists  as  an  ingredient,  and  from  an  analysis  of  the 
compounds  of  this  earth  and  water,  concludes  that  its 
atomic  weight  is  W ;  and  as  that  of  oxigen  is  10,  if  be 
is  correct  in  his  conclusion,  that  of  silicum  must  also  be 
10 ;  and  consequently,  silica  is  composed  of  equal  parts, 
by  weight,  of  its  ingredients. 

The  only  known  compound  of  silicum  and  oxigen,  is 
silica. 

Silica,  when  pure,  is  a  white  tasteless  powder,  of  sp. 
gr.  S600.  It  requires  a  very  strong  heat  for  its  fusion, 
tfiat  of  the  oxi-hydrogen  blow-pipe  being  necessary.  It 
is  insoluble,  water  boiled  on  it  not  diminishing  its  weight 
in  the  smallest  degree.  It  is  well  known,  however,  that, 
when  recently  precipitated  from  some  of  its  solutions,  a 
little  of  it  is  dissolved.  It  seems  also  to  unite  with  wa- 
ter, and  form  different  hydrates,  the  ingredients,  accord- 
ing to  Thomson,  being  in  atomic  proportion,  (First  Pr.) 

Silica  is  not  acted  on  by  the  simple  acidifiable  bodies, 
nor  by  any  of  the  acids,  except  fluoric ;  in  this  respect 
differing  from  the  preceding  earths. 
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Fltto-SUidc  Gas, 

It  has  been  already  mentioned,  (p.  S88.)  that  when 
fluor  spar  is  acted  on  by  sulphuric  acid,  in  glass  vessels, 
a  gaseous  fluid  is  disengaged,  which  was  at  one  time 
supposed  to  be  pure  fluoric  acid. — It  is  now  known,  how- 
ever, to  contain  silica,  and  hence  it  has  been  called  MU 
oaUd  or  sUiceo^uoriCj  occasionally  also  JluosUicic  gas. 
It  was  discovered  by  Scheele,  and  afterwards  examined 
by  Priestley,  but  more  lately  by  Dr  Davy,  to  whom  we 
are  indebted  for  the  principal  facts  concerning  it. 

It  is  obtained  by  pouring  sulphuric  acid  on  an  equal 
weight  of  the  powder  of  the  spar,  in  a  glass  retort ;  or, 
to  save  the  apparatus,  a  mixture  of  equal  parts  of  spar 
and  powdered  glass  may  be  used.  On  the  application  of 
heat  the  gas  comes  off,  and  may  be  collected  over  mer- 
cury. 

Fluo-silicic  gas  is  transparent  and  colourless.  It  is 
unfit  for  the  support  of  respiration  and  combustion. 
Its  sp.  gr.  is  3500,  100  inches  weighing  108  gr.  It  has  a 
pungent  odour,  somewhat  resembling  that  of  muriatic 
acid.  When  exposed  to  air,  dense  white  fumes  appear, 
owing  to  its  uniting  with  the  moisture.  When  passed 
through  water  it  is  decomposed,  and  a  white  powder  is 
deposited,  which  is  silica  in  a  state  of  purity,  fluoric  acid^ 
with  a  little  of  the  earth,  being  retained  by  the  fluid. 
This  experiment  is  easily  shewn,  by  admitting  a  little 
water  into  a  jar  of  it,  over  mercury,  or  merely  by  putting 
the  mouth  of  the  retort  from  which  it  is  issuing,  into 
it.  According  to  Davy,  water  consumes  about  S6S 
times  its  bulk  of  it,  the  fluid  having  the  properties  of  a 
weak  fluoric  acid. 

The  composition  of  this  gas,  given  by  Dr  Davy,  is  fluo- 
ric acid  37.6,  silica  62.4,  which  very  nearly  agrees  with 
that  mentioned  by  Thomson,  who  supposes  it  to  contain 
an  atom  of  each  of  its  ingredients ;  in  which  case  it  will 
be  composed  of  acid  38.46,  silica  61.54. 

Though  fluo-silicic  gas  is  by  some  considered  as  an 
acid,  Berzelius  is  of  opinion  that  it  is  a  salt,  a  fiwxU  qf 
Mica,  differing  from  others  only  in  being  gaseous. 
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Considering  it  as  a  compound  of  fluoric  acid  and  silica^ 
the  chemical  changes  during  its  preparation  are  accounted, 
lor,  by  the  fluor  spar  effecting  the  decomposition  of  the 
water  of  the  oil  of  vitriol,  the  oxigen  uniting  with  the 
calcium  to  form  lime,  and  the  hydrogen  with  the  fluo* 
rine  to  generate  fluoric  acid,  with  which  the  silica  enters 
into  union,  to  produce  the  gaseous  compound.  When 
fluo-iiUcic  gas  is  brought  into  contact  with  salifiable  oxi« 
dized  bases,  substances  are  formed  which  by  some  are 
called  Jliio^icateSf  the  acid  and  base  having,  it  is  sup* 
posed,  united  to  produce  a  salt.  It  has  been  already 
mentioned,  that  Berzelius  does  not  admit  that  the  gas  is 
An  acid ;  and  he  accordingly  adopts  a  different  opinion 
with  respect  to  the  nature  of  the  compounds  formed  by 
ks  action  on  salifiable  bodies.  He  supposes  that  they  are 
triple  compounds  of  fluoric  acid,  silica  and  the  base  by 
which  it  has  been  acted  on,  aAfluate  of  Mica  andpoUissay 
&c«  (An.  de  Ch.  et  de  Ph.  xxvii.) 
'  The  same  action  takes  place  with  ammonia,  for  whea 
tbey  are  presented  to  each  other  in  the  gaseous  state,  they 
fcfttn  a  white  saline  powder.  When,  however,  an  ammo- 
Aiacal  solution  is  used,  the  product  is  different,  the 
fluo-silicic  gas  undergoing  complete  decomposition,  the 
whole  of  the  silica  being  deposited,  while  the  fluoric  acid 
and  alkali  unite,  and  form  a  fluate  of  ammonia,  which 
remains  in  solution.  The  product  of  the  action  of  the 
gases  on  each  other,  when  put  into  water,  also  undergoes 
a  similar  change.  The  fluid  produced  by  either  of  these 
processes,  when  boiled  in  glass  vessels,  corrodes  them, 
owing  to  the  fluoric  acid  it  contains. 

It  has  been  already  mentioned,  that  Berzelius  succeed* 
ed  in  procuring  silicum  by  the  decomposition  of  some 
tf  the  compounds  of  silica.  The  one  then  particularly 
alluded  to,  was  fluo- silicic  gas.  When  potassium  was 
burned  in  it,  a  brownish  substance  was  formed,  which, 
when  heated  in  oxigen,  generated  fluo-silicic  gas  and 
silica,  and  the  residue,  when  acted  on  by  fluoric  acid, 
yielded  also  the  same  gas^  itself  becoming  of  a   darker 
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^oleiir.  The  matter  thus  procured  was  considered  to  be 
pure  silicum.  The  same  results  were  obtained  by  heating 
|X>ta88ium  with  dry  fluo-silicate  of  potass,  washing  the 
product  with  water,  and  again  exposing  it  to  heat. 

Silica  and  Alkalies. 

The  alkalies  act  powerfully  on  silica,  either  in  the  dry 
or  humid  way,  and  form  compounds  totally  differing  in 
their  properties,  according  to  the  proportions.  When 
the  alkali  is  in  excess,  a  soluble  substance  is  formed. 
When,  for  instance,  3  of  carbonate  of  potass  and  1  of 
silica  are  heated,  the  mixture  swells,  gives  off  carbonic 
acid,  and  lastly  yields  a  transparent  vitreous  body,  called 
iUicated  poiassa,  which,  on  exposure  to  air,  deliquesces^ 
and  is  soluble  in  water.  When  also  aqua  potassae  is  boil^ 
ed  in  recently  precipitated  silica,  a  transparent  solution 
18  obtained,  similar  in  its  properties  to  the  former.  By 
exposure  to  air,  carbonic  acid  is  absorbed,  and  silica  is 
deposited  ;  and  the  same  happens  when  an  acid  is  added, 
the  alkali  being  neutralized,  and  the  silica  thrown  down^ 
but  a  little  of  it,  it  is  supposed,  is  also  dissolved.  Muri-. 
ate  of  ammonia  also  causes  a  deposition  of  the  earth. 

When,  instead  of  using  a  large  proportion  of  alkali^ 
the  silica  is  in  excess,  a  substance  of  a  very  different  n4rt 
ture  is  produced  ;  the  product  of  their  union,  in  these  pro* 
portions,  being  glass. 

Glass. 

There  are  different  kinds  of  glass,  according  to  the 
substances  employed  in  its  manufacture,  such  as  bottle 
glass,  flint  glass,  window,  broad,  and  plate  glass. 

Bottle  glass  is  in  general  made  by  exposing  to  heat 
common  sea  «and,  which  is  almost  entirely  silica,  and  the 
refuse  of  the  operation  of  soap-makers,  which,  along  with 
potass,  contains  a  large  quantity  of  lime,  with  some  alu- 
mina, magnesia,  and  silica. 

Window  glass  is  formed  from  sand,  and  kelp  or  ba- 
rilla ;  and  the  finer  kinds  are  manufactured  from  pot- 
ashes, or  soda,  and  very  pure  sand,  or,  which  it  beU . 
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ter^  powdered  flints,  these  being  almost  entirely  compos 
ed  of  silica. 

In  the  manufacture  of  glass,  the  substances  are  sepa^ 
rately  reduced  to  powder,  and  afterwards  well  mixed. 
They  are  then  thrown  into  a  kind  of  furnace,  or  oven, 
and  heat  applied  to  them,  by  which  the  moisture  is 
expelled,  part  of  the  carbonic  acid  is  driven  off,  and 
the  inflammable  substance  is  consumed ;  at  the  same 
time,  an  action  takes  place  between  the  silica  and  al- 
kaline matter.  In  this  part  of  the  process,  which 
is  called  Jrittingf  great  care  is  taken  not  to  apply 
too  much  heat,  otherwise  a  considerable  part  of  the  al- 
kali is  sent  off  in  vapour ;  the  mixture  is  also  con- 
stantly stirred,  to  allow  the  whole  of  the  carbonaceous 
inatter  to  be  consumed  by  its  coming  in  contact  with  the 
air,  and  to  prevent  it  from  running  into  hard  lumps. 
After  this,  the  substance  is  removed  from  the  furnace, 
and  set  aside  to  cool,  in  which  state  it  is  termedyH^ 

When  frit  is  again  to  be  melted,  for  the  purpose  of 
making  glass,  it  is  put  into  large  conical  vessels  of  baked 
clay,  previously  heated,  each  of  which  holds  about  20 
cwt.  In  these  it  is  exposed  to  a  high  temperature  for 
about  two  days,  by  which  the  whole  becomes  fluid,  and 
passes  into  the  state  of  glass.  During  this  part  of  the 
process,  a  quantity  of  saline  matter  collects  at  the  top, 
called  sandiver,  or  giass-gaUj  which  is  removed  by  means 
of  iron  ladles.  After  this,  the  heat  is  continued,  till  por- 
tions of  the  glass,  when  taken  out  and  cooled,  do  not 
present  a  speckled  appearance.  It  is  then  said  to  be  re- 
fined, and  its  temperature  is  allowed  to  fall,  till  it  be- 
comes so  thick  that  it  can  be  wrought  into  the  various 
articles. 

Though  silica  and  the  alkalies,  by  their  union,  pro- 
duce glass,  other  substances  are  added  to  make  it  more 
perfect,  such  as  the  oxids  of  lead  and  manganese,  and 
sometimes  also  a  little  nitre.  Various  ingredients  are 
likewise  employed,  to  give  it  particular  qualities. 

When  glass  is  prepared  from  kelp  or  barilla,  it  always 
acquires  a  greenish  tinge,  from  the  iron  which  they  con- 


GLASS.  505 

fain.  To  prevent  this,  black  oxid  of  manganese  is  mix- 
ed with  the  fused  matter,  to  afford  oxigen  to  the  iron, 
by  which  it  passes  into  that  state,  that  it  either  does  not 
combine  with  the  glass,  or  if  it  does,  does  not  colour  it. 
Oxid  of  manganese  itself  makes  glass  purple,  but  by  being 
deprived  by  the  iron  of  a  portion  of  its  oxigen,  it  also 
passes  into  that  condition,  that  it  does  not  communicate 
any  colour ;  great  care  must  therefore  be  taken  to  add 
the  due  quantity,  for  if  too  much  be  employed,  the  glass 
will  have  a  purple  tinge  ;  whereas,  if  too  little  be  used, 
the  whole  of  the  iron  will  not  be  acted  on,  and  it  will 
retain  a  little  of  the  green.  When  too  much  manganese 
has  been  used,  which  is  known  by  removing  a  little  of 
the  fused  matter,  and  allowing  it  to  cool,  it  can  be  easily 
destroyed  by  thrusting  pieces  of  wood  into  it,  so  as  to 
deprive  it  of  its  oxigen,  and  form  carbonic  acid,  which 
is  expelled  by  the  heat. 

Nitre  is  occasionally  also  employed  for  destroying  the 
green  tinge  communicated  by  iron,  acting  in  the  same 
way  as  the  manganese,  by  affording  oxigen  to  it,  and 
causing  it  to  pass  into  that  state  that  it  will  not  impart 
colour. 

Compounds  of  lead,  such  as  litharge,  are  always  mix- 
ed with  the  ingredients  of  glass,  proving  very  powerful 
fluxes,  and  thus  causing  the  substances  to  melt  more 
easily.  They  also  impart  greater  density,  and  increase 
the  lustre  of  the  glass ;  and  they  make  it  more  tenacious, 
consequently  more  easily  wrought  into  the  different  ar- 
ticles. 

If  glass,  after  it  has  been  fused,  be  hastily  cooled,  it 
is  easily  broken  by  the  slightest  agitation.  Hence  we 
often  find  that  it  cracks  without  any  apparent  cause ; 
but  this  is  prevented  by  the  process  of  annealings  to 
which  it  is  subjected  immediately  after  it  is  manufactur- 
ed. Annealing  consists  in  placing  the  glass  in  a  long 
oven,  the  heat  of  which  is  considerably  below  that  neces- 
sary for  its  fusion,  and  which  is  hotter  at  one  end  than 
the  other.  The  articles  are  put  in  at  the  warmest  ex- 
tremity, and  gradually  drawn  from  this  to  the  colder. 
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and,  when  almost  cold,  they  are  removed.  As  the 
first  set  comes  out  at  the  one  end,  a  second  is  put  in  at 
the  other,  and  in  this  way  the  oven  is  kept  always  full. 

During  this  process,  it  is  supposed  that  the  gradual 
reduction  of  temperature  allows  the  particles  of  the  glass 
to  arrange  themselves  properly  ;  whereas,  when  quickly 
cooled,  they  are  prevented  from  assuming  that  arrange- 
ment, and  the  slightest  cause  is  sufficient  to  rend  them 
asunder.  On  the  proper  annealing,  then,  depends  entire- 
ly  its  capability  of  standing  sudden  applications  of  heat 
or  cold.  That  glass  which  is  not  annealed  is  easily  broken 
by  exciting  a  slight  vibration  in  its  particles,  can  be  shevm, 
by  forming  a  tube,  and  allowing  it  to  cool  without  an- 
nealing. If  a  small  piece  of  flint  be  thrown  into  it,  it  ia 
instantly  broken.  The  same  is  the  case  with  the  green 
glass  substances,  called  Rupert^s  drops,  which  are  form- 
ed by  allowing  the  melted  glass  to  fall  into  water.  If 
the  end  of  the  tail  be  broken  ofi^,  the  vibration  excited 
instantly  shatters  it  to  pieces. 

It  is  a  remarkable  fact  in  the  making  of  glass,  that 
if  the  fused  matter  be  allowed  to  cool  very  slowfy^  as  ia 
the  case  when  the  furnace  cracks,  and  its  contents  escape^ 
it  loses  entirely  its  transparency  and  lustre,  and  resem- 
bles a  stony  body,  becoming  much  less  fusible  than  be- 
fore; but  if  after  this  it  be  again  melted,  and  cooled 
quickly^  it  resumes  its  former  appearance.  This  has  been 
proved  to  depend  entirely  on  the  quickness  with  which 
the  matter  after  fusion  passes  into  the  solid  state,  a  piece 
of  green  bottle-glass  having  been  made  to  undergo  these 
changes  repeatedly,  by  fusing  it,  and  at  one  time  mak- 
ing it  cool  slowly,  and  at  another  quickly.  It  is  not 
known  how  this  acts ;  the  gradual  cooling  may  allow 
the  particles  so  to  arrange  themselves,  as  to  make  the 
substance  opake,  but  the  difference  in  fusibility  cannot 
be  accounted  for. 

On  this  property  depends  the  method  of  converting 
glass  into  what  is  called  Reaumetir's  Porcelain.  For 
this  purpose,  after  being  modelled  into  any  particular 
article,  it  is  surrounded  with  a  bad  conductor  of  caloriG, 
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ft»  finely  sifted  ashes,  or  Paris  plaster,  and  then  exposed 
to  heat,  less  than  what  is  sufficient  to  melt  it,  and  du- 
ring the  slow  cooling,  it  loses  entirely  its  transparency, 
becomes  less  fusible  than  before,  and  not  so  liable  to 
break  by  a  sudden  application  of  heat  or  cold. 

Though  glass,  as  generally  made,  is  transparent 
and  colourless,  a  variety  of  colours  can  be  imparted  to 
it,  by  the  addition  of  metallic  compounds.  The  ox- 
ids  of  the  metals,  when  melted  with  glass,  combine 
with  it,  and  communicate  colour,  without  diminish* 
iDg  its  transparency  and  lustre,  provided  they  be  em- 
ployed in  proper  proportion.  Those  generally  used 
for  this  purpose,  are  oxid  of  gold,  which  gives  a  red 
colour,  resembling  that  of  a  ruby  ;  iron,  which  imparts 
a  variety  of  colours,  according  to  its  state  of  combina- 
tion. It  has  been  already  mentioned,  that  the  green 
tiDge  of  bottle  glass  is  owing  to  iron  ;  when  in  larger 
quantities,  the  glass  is  yellow  or  brownish.  The  com- 
pounds of  copper  communicate  a  green  colour,  similar  to 
that  of  an  emerald,  while  antimony  gives  a  yellow.  Oxid 
of  manganese,  it  has  been  already  stated,  is  added  in 
small  quantity  to  destroy  the  colour  given  by  iron ;  but 
when  too  much  is  employed,  it  imparts  a  purplish  tinge ; 
hence  its  use  in  making  purple  glass,  the  appearance  of 
which  depends  entirely  on  the  quantity  employed. 
When  glass  is  fused  with  compounds  of  cobalt,  it  be- 
comes of  a  rich  blue  colour ;  of  course,  if  antimony  be 
employed  at  the  same  time,  it  makes  it  green,  which  is 
produced  by  the  blue  of  the  one  and  the  yellow  of  the 
other.  The  metal  called  chrome  imparts  to  glass  diffe- 
rent colours,  according  to  tlie  compound  employed,  as 
ted  and  green ;  and  as  the  colours  communicated  by  it 
are  far  superior  to  those  of  other  metals,  it  is  much  used 
in  imitating  gems,  as  emeralds  and  rubies. 

Glass  is  often  rendered  opake,  forming  what  is  called 
enamel.  This  is  done  by  the  addition  of  a  large  quantity 
of  metallic  compound,  which  does  not  colour  it.  The 
most  common  is  oxid  of  tin,  which  renders  it  white  and 
opake,  and  by  the  addition  of  other  metallic  compounds 
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to  this,  different  colours  may  be  given  it.  Another  white 
enamel  is  formed,  by  mixing  burnt  bones  with  glass,  but 
it  is  not  so  fine  as  that  with  tin.  These  enamels  are  used 
chiefly  as  a  coating  to  metals,  as  in  making  dials  for 
clocks  and  watches. 

Another  process  depending  on  the  union  of  silica  with 
other  bodies,  is  the  manufacture  of  earthen  ware,  no  less 
interesting  in  all  its  stages  than  that  of  glass.  The  sub- 
stances employed  are  the  different  kinds  of  clay,  in  which 
silica  exists  in  large  quantity ;  but  it  is  the  alumina 
which  they  contain,  that  gives  them  the  properties  that 
render  them  fit  for  this  manufacture.  Lime  also  exists 
in  them  ;  but  if  it  be  in  great  quantity,  it  makes  them 
too  fusible,  and  a  little  iron  is  also  present,  which  gives  to 
them  a  reddish  or  brown  colour.  On  the  purity,  then,  of 
the  clays,  depends  the  fineness  of  the  earthen  ware.  The 
substances  used  in  China  are  very  pure,  but  in  Europe 
they  are  in  general  inferior.  In  some  parts  of  it,  however, 
very  fine  clay  has  been  found,  and  in  these  earthen  ware 
of  a  superior  quality  is  made.  Magnesia  is  occasionally 
added  to  clay,  to  prevent,  as  some  suppose,  the  contrac- 
tion which  it  suffers  on  exposure  to  heat ;  but  if  too 
much  be  employed,  it  adds  to  the  fusibility  of  the  mix- 
ture. The  coarser  kinds  of  clay  are  used  for  inferior  ar- 
ticles, as  crucibles,  grey  beards,  and  brown  cans. 

In  the  manufacture  of  the  finer  earthen  ware,  the  clay 
is  mixed  with  siliceous  matter,  obtained  by  reducing 
flints  to  very  fine  powder.  For  this  purpose,  they  are 
exposed  to  heat  in  a  kiln,  similar  to  that  in  which  lime- 
stone is  burned,  by  which  they  become  brittle,  and  are 
easily  powdered. 

The  clay  is  prepared  nearly  in  the  same  way,  after 
which  it  is  mixed  with  water,  and  well  kneaded  with 
wooden  instruments  till  it  becomes  a  uniform  mass,  in 
which  state  it  is  mixed  with  the  powdered  flints,  also 
made  into  a  paste.  The  mixture,  when  fluid,  is  then  pass- 
ed through  fine  sieves,  and  poured  into  brick  troughs, 
in  which  it  is  exposed  to  heat,  till,  by  the  expulsion  of 
the  water,  it  becomes  of  proper  consistence.     After  this, 
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it  is  again  well  kneaded,  by  beating  it  with  wooden  mal- 
lets, and  working  it  with  the  hands,  till  all  air-bubbles 
disappear.  It  is  then  in  a  condition  fit  for  being  mould- 
ed into  any  shape,  which  is  done  with  the  finer  kinds  of 
ware,  by  casting  it  in  moulds,  and  with  the  coarser  sort, 
by  forming  it  on  a  wheel. 

The  articles  thus  prepared,  are  dried  either  in  the  air, 
or  in  stoves  slightly  heated,  after  which  they  arc  put  into 
pots  of  baked  clay,  and  heaped  up  in  a  tall  oven.  A 
moderate  heat  is  then  applied,  but  which  is  afterwards 
gradually  increased,  and  continued  for  two  days  and 
nights ;  they  are  then  removed,  and  in  this  state  the 
ware  is  called  biscuit^  and  to  which  the  figures  are  gene- 
rally imparted.  For  this  purpose,  an  impression  from 
a  copperplate  is  thrown  off  on  thin  paper,  which  is  put 
when  moist  on  the  biscuit,  and  gently  struck  with  a 
flannel  roller,  and  after  remaining  on  for  a  short  time,  it 
is  washed  off  with  a  spong?,  the  impression  being  com- 
municated to  the  ware.  The  colour  depends  on  the  sub- 
stance employed  for  taking  the  figure  from  the  engrav- 
ing. In  general,  a  metallic  compound  is  used,  such  as 
one  of  cobalt,  which  gives  a  blue.  In  some  instances 
the  patterns  are  applied  with  a  hair  pencil,  the  paint 
being  composed  of  a  metallic  matter,  mixed  with  a 
flux  and  oily  sub  stance,  which  when  heated  melts,  and 
attaches  itself  to  the  ware.  The  compounds  of  anti- 
mony and  silver  give  a  yellow  and  orange,  gold  a  purple, 
copper  a  green,  platina  a  whitish,  and  iron  a  red,  brown, 
or  black,  according  to  the  compound  used. 

The  biscuit,  as  thus  prepared,  is  very  porous,  and  of 
course  unfit  for  containing  fluids ;  it  is  necessary,  there- 
fore, to  have  it  covered  with  a  dense  body,  or  glazing', 
as  it  is  called.  That  commonly  used  is  a  mixture  of 
flints  and  white  lead,  both  reduced  to  very  fine  powder, 
and  made  into  a  thin  paste  with  water.  Into  this  the 
biscuit  is  dipt,  by  which  it  receives  a  coating,  the  poro- 
sity of  the  ware  making  it  adhere.  When  thus  covered, 
they  are  heaped  up  on  small  stands  of  baked  clay,  in  an 
oven,  and  exposed  to  heat,  sufficient  to  fuse  the  glazing. 
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..^:  mineral  productions. 
.  'i^uished  by  any  particu- 
,-.at  degree  of  hardness 
■J05SCSS  these   qualities  in 
..  ss.  uf  other  classes.    Quartz, 
.^..-:;i;orm,   chalcedony,    flint, 
.' "jle,  jasper,  opal,  and  many 
.  ■  L.>  fossils,   some  of  which,   as 
.'.Iinost  pure  silica.     Silica  is 
..   :i  more  compound  nature,  as 
c.   feldspar,    and   some   others. 
.>,  :i>  granite,  porphyry,  and  ba- 
•!.  ijuantity  of  it.    It  occurs,  also, 
.,  ;. ':.arkable  instance  of  which  is  in 
w'.'vser  in  Iceland.      In  this  there 

■ 

•rarjntly  in  too  small  quantity  to 
:'^Al  the  means  by  which  it  is  kept 
'u:i. 
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.    \r>l  AND  GLUCINA. 

.  .;i>..  .K*'.v\;  i-y  Vauquelin  in  179S,  in  the 
In  obtaining  it,  the  mineral  is 
..  u.ight  of  |K)tass,  and  the  j)roduct 
A  !»:iiriatic  acid.  The  solution  is  then 
.  .xN,  and  the  residue  again  dissolved 
,^  i:ie  silica  is  left,  and  the  glucina 
■!\i\l.  Carbonate  of  potassa  is  next 
4x  iluTO  is  any  precij)itation,  by  which 
»x  ,;',v  l^epo^ited,  and  on  tlic  addition  of 
•,  \  .uv  dissolved,  anil  cr.n  be  separated 
i-  s^:  >ulpliate  of  piitasba,  by  v»hich  crys- 
,  ...  -u'd.  Tlio  solution  eontaisis  glucina, 
•;n.u  which  mav  be  throv.n  down  by  car- 
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Imimte  of  aminoniBy  and  on  ffltering  and  evaporating)  the 
flsceas  of  the  alkaline  carbonate  if  driTen  off,  and  glucina 
is  gradually  deposited. 

That  glncina  is  an  oxid  has  been  proved  by  the  ezpe- 
•dnnents  of  Davy,  who,  by  passing  potassium  over  it, 
Ibuad  that  potassa  was  generated ;  but  the  base  has  not 
keen  obtained  in  its  separate  state.  Of  course,  the  name 
to  be  given  it  is  gtucinum. 

Glucina,  tso  called  from  the  sweetish  taste  of  some  of 
its  compounds,  (yxmm,  sweei^)  is  a  white  powder,  resem- 
bling alumina.  Its  sp.  gr.  is  S970.  It  is  infusible,  and 
jnsoluble  in  water.  It  unites  with  the  acids,  and  forms 
salts,  the  properties  of  which  have,  however,  been  but 
fttle  examined.  They  «re  almost  all  decomposed  mere* 
hf  by  heat,  the  acid  being  expelled,  and  the  earth  left 
fuse. 
I  Glucina  is  soluble  in  the  fixed  alkalies,  in  this  respect 

HBsmuiHing  alumina;  but  it  differs  from  it  in  being  so* 
IMe  in  carbonate  of  ammonia.  A: 

Glucina  exists  also  in  the  mineral  called  JEudase^  whiflr 
ccmtains,  according  to  Berzelius,  21.78  per  cent,  while 
beryl  has  only  about  13.  From  an  examination  of  these 
minerals,  and  of  some  of  the  salts,  Thomson  has  fixed 
the  atomic  weight  at  82.5,  and  if  it  is  a  compound  of  an 
atom  of  each  of  its  ingredients,  that  of  glucinum  will 


YTTRIUM  AND  YTTBIA. 

Ytteia  was  discovered  by  Godolin  in  1794,  in  a  mi^ 
neral  found  in  Ytterby  in  Sweden.  For  procuring  it, 
dissolve  the  mineral  in  nitro-muriatic  add,  by  the  aid  of 
hsat,  filter,  and  evaporate  to  dryness,  and  expose  the  re* 
«dne  to  a  high  temperature.  Again  dissolve  and  filter, 
to  get  quit  of  silica,  and  add  ammonia,  by  which  yttria, 
jn  union  with  oxid  of  the  metal  cerium,  is  deposited. 
Expose  the  precipitate  to  heat,  dissolve  in  nitric  acid^ 
•gafai;  enqporate ondvdisaohre,  and  to  the  aolulioftwU 
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sulphate  of  potass,  by  which  oxid  of  cerium  is  thrown 
down.  Filter,  and  add  ammonia,  and  the  yttria  will  fall 
in  the  form  of  a  white  powder. 

Yttria,  like  other  earths,  has  been  proved  to  contain 
oxigen,  because,  when  potassium  is  passed  over  it,  po- 
tassa  is  formed ;  but  the  base  has  not  been  procured  in 
its  separate  state.  Of  course,  the  name  to  be  given  it  is 
yttrium. 

Yttria,  when  pure,  is  a  white  powder,  of  specific  gnu 
vity  4842,  destitute  of  taste  and  smell,  infusible,  and  in- 
soluble in  water. 

It  unites  with  the  acids,  and  forms  salts,  which  are  de- 
composed by  the  alkalies  and  alkaline  earths. 

It  is  not  dissolved  by  the  alkalies,  in  this  respect  dif- 
fering from  glucina.  It  is  dissolved,  however,  by  carbo- 
nate of  ammonia,  but  it  requires  a  large  quantity  for  ita 
solution. 

Thomson  has  fixed  tlie  atomic  weight  of  yttria  at  5S.5, 
•od  considering  that  it  is  a  compound  of  an  atom  of  each 
of  its  ingredients,  that  of  yttrium  is  considered  to  be  4S.5. 


ZIRCONIUM  AND  ZIRCONIA. 

ZiRCOKiA  was  discovered  by  Klaproth,  in  the  mineral 
called  zircon.,  brouglit  from  Ceylon,  and  it  has  since  been 
found  in  hyacinth.  The  process  given  by  Klaproth  for 
procuring  it  is  very  simple.  The  mineral  is  fused  with 
potassa,  then  washed  and  dissolved  in  muriatic  acid  ;  and 
after  being  boiled,  potassa  is  added,  by  which  the  earth 
is  precipitated. 

The  process  recommended  by  Dubois,  (An.  of  Ph. 
N.  S.  1.)  is  more  complicated,  but  yields  it  purer. 

The  ore,  after  being  fused  with  potassa,  is  repeatedly 
washed  with  distilled  water,  and  the  insoluble  matter,  con- 
sisting of  zirconia,  silica,  and  iron,  is  dissolved  in  muriatic 
acid,  and  the  solution  evaporated  to  dryness.  The  resi- 
due, containing  muriate  of  zirconia  and  of  iron,  is  dis- 
solved in  water ;  and,  by  the  addition  of  ammonia,  both 
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of  the  baaee  may  be  predpittted ;  after  which  they  are 
hnled  widi  oxalic  add,  by  whidi  the  iron  is  diaflblTed, 
ad  imcdnble  oxalate  of  airconia  formed,  which,  by  a 
ad  heat,  ia  decomposed,  and  the  pure  earth  obtained. 
Zlreonia  thua  jnucured,  ia  a  white  powder,  insipid,  in- 
Itl   8  •       ' 


_,  and  inaolable  in  water.  Iti  sp.  gr.  is  about 
toOO.  When  expoted  to  a  strong  heat,  it  is  fiased,  and 
kau  a  transparent  glass,  sufficiently  hard  to  strike  fire 
«iA  sted,  and  to  scratch  glass. 

Ziroonia,  as  prepared  by  the  process  described,  is  not 

■luble  in  acids ;  but  if  it  be  fused  with  potassa,  it  may, 

Aer  this,  be  dissolved  by  muriatic  add,  and  then  prfr- 

,  mtatad  by  fhe  addition  of  an  alkali,  in  which  state 

Xia  a  hydrate,  and  is  then  eftsily  acted  on  by  acids,  and 

,  fimia  Wts. 

Acoiirding  to  Thomson,  the  atomic  wdght  of  tirconia    ' 
iifiO. 

The  Rubitance  described  by  Beradius  as  an  earth,  und|r  ' 
tha  same  of  Carina,  has  been  found  by  him  to  be  merdy 
jttds,  in  union  with  phosphoric  add,  (An-  de  Ch.  et  de 
Ph.xxix.) 
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SECTION  X. 


SUBSTANCES  FORMING  SALIFIABLE  BASES, 

LONG  KNOWN  BY  THE  NAME  OF 

METALLIC  OXIDS» 


IRON. 

Ieon  is  by  far  the  most  abundant  and  useful  of  metals. 
It  has  been  long  known,  and  in  use  since  the  earliest  ages. 
When  pure,  it  is  of  a  bluish  white  colour,  has  a  fibrous 
texture,  and,  when  polished,  considerable  lustre.  It  is 
superior  in  hardness  to  any  of  the  others,  and  is  also 
very  malleable  and  ductile.  It  can  be  drawn  to  wire  of 
the  thickness  of  a  human  hair,  the  tenacity  of  which  is 
considerable.  ^One  of  the  l-13th  of  an  inch,  will  sustain 
a  weight  of  about  550  pounds  without  breaking.  In 
drawing  iron  into  wire,  by  passing  it  through  holes  in 
well-tempered  plates,  it  is  usually  immersed  in  weak 
aquafortis,  merely  to  clean  it.  It  is  said,  however,  to  be 
much  better  to  put  it  into  a  weak  solution  of  sulphate  of 
copper  or  blue  vitriol,  by  which  it  acquires  a  very  thin 
coating  of  copper,  which  prevents  it  from  being  injured 
by  the  plate ;  the  copper  being  easily  destroyed  by  the 
last  annealing,  to  which  of  course  it  is  frequently  subject- 
ed during  the  process. 

*  This  c]a«8  includes  the  substances  commonly  called  Metal*» 
VOL.  II.  A 
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The  sp.  gr.  of  iron  varies  from  7700  to  7800.  Its  ato- 
mic weight  is  35. 

Iron  is  remarkable  for  its  magnetic  property,  being 
attracted  by  a  magnet ;  and,  by  a  particular  contrivance, 
it  may  itself  be  made  magnetic.  By  entering  into  union 
to  a  certain  extent,  this  property  is  not  only  increased, 
but  rendered  more  fixed  ;  but  beyond  this,  it  ceases. — 
Thus  a  little  sulphur  mfakes  it  more  capable  of  retaining 
the  magnetic  power  ;  but  if  it  be  in  large  quantity,  the 
compound  does  not  affect  a  needle. 

Iron  is  one  of  those  substances 'which,  by  the  applica- 
tion of  heat,  passes  through  different  degrees  of  hardness. 
When  heated  to  whiteness,  it  becomes  soft,  and  very 
malleable,  so  that  it  is  easily  wrought  into  different  forms. 
In  this  state,  also,  it  may  be  welded^  that  is,  if  two  pieces 
be  put  together,  and  struck  forcibly  with  a  hammer,  they 
unite,  and  the  joining  is  as  complete  as  if  it  were  only 
one  piece.  The  temperature  at  which  this  takes  place  is 
at  about  ajfull  white  heat.  When  above  this,  iron  be- 
comes very  brittle,  so  that  it  is  easily  broken  ;  hence  the 
necessity  of  paying  particular  attention  to  the  tempera- 
ture.    It  melts  at  158  W. 

When  iron  is  exposed  to  air,  it  very  soon  acquires  a 
brown  crust  on  its  surface,  called  mat,  which  is  a  carbo* 
nate;  but  this  change  takes  place  only  when  the  at- 
mosphere is  moist,  and  is  owing,  therefore,  to  the  de- 
composition of  the  water,  the  iron  acquiring  oxigen 
to  form  an  oxid,  which  combines  with  the  carbonic  add 
always  existing  in  the  air. 

When  iron  is  heated  in  air,  it  unites  with  its  oxigen, 
the  facility  with  which  they  unite  depending  on  the  tem- 
perature. When  made  red  hot,  black  scales  are  formed, 
which  are  easily  detached.  If  in  the  state  of  filings  it 
be  cast  into  the  flame  of  a  sheet  of  paper,  beautiful  sparks 
are  thrown  off,  which  are  also  an  oxid.  The  scales  found 
around  a  blacksmith^s  anvil,  are  also  the  same,  formed 
during  the  process  to  which  the  iron  is  subjected,  and 
which  are  beat  off  from  it  by  the  hammering. 

When  iron  is  heated  in  oxigen  gas,  the  appearance 
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JMresented  is  very  beautiful ;  the  oxigen  being  quickly 
absorbed,  and  a  compound  of  it  and  the  metal  formed) 
(see  p.  178.  vol.  i.)  In  all  of  the^  cases  an  oxid  is  ge^ 
nerated,  possessing  in  some  degree  a  metallic  lustre^  but 
without  malleability  or  ductility. 

Different  statements  have  been  given  of  its  composi«> 
tion. 

It  is  composed,  according  to 

BuchoU.  Wollattoik  Bcneliuf. 

iron,  100  100  100 

oxigen,       29-83  29  29.5 

According  to  the  late  experiments  of  Thomson,  (First 
Pr.)  100  of  metal  unite  with  28.57  of  oxigen, 

and  as  100  :  28.57  ! :  85  :  9.99> 
80  nearly  10,  that  we  may  consider  it  a  protoxidy  com- 
posed of 

1  atom  iron,  86  or  77.78 

1  atom  oxigen,      10         22.22 


its  atom  being  45       100 

It  is  commonly  called  the  black  oxid^  in  which  the  oxi* 
gen  is  not  in  sufficient  quantity  to  destroy  the  magnetic 
properties. 

When  protoxid  is  heated  strongly  in  air,  it  gradually 
unites  with  more  oxigen.  Or  ii[  it  be  dissolved  in  nitric 
add,  by  the  aid  of  heat,  it  absorbs  it  during  its  solution^ 
and  becomes  peroxid,  which  may  be  precipitated  by  am- 
monia. As  thus  procured,  it  is  a  reddish  brown  powder, 
Insoluble  in  water  and  in  nitric  acid. 

Different  statements  have  also  been  given  of  its  compo^ 
sition.     It  is  composed,  according  to 

Bucbola.  Wollastoii.  BarMUtu.  ThomMm. 

iron,         100  100  100  100 

oxigen,      42  43.5  44.25         42.85 

If  we  consider  the  statement  of  Thomson  as  correct, 
then  the  oxigen  in  the  peroxid  is  a  multiple  by  1^  of  that 
in  the  protoxid,  and  its  atomic  weight  will  therefore  be 
85  +  15  =  50. 

a2 
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In  the  union  of  iron  and  oxigen,  the  law  of  multiple 
proportions  does  not  hold  true,  the  oxigen  in  the  peroxid 
not  being  a  multiple  by  a  whole  number  of  that  in  the 
protoxid,  from  which  some  have  supposed  that  there  is 
another  oxid  not  yet  discovered,  and  in  which  the  pro- 
portions will  be  found  to  be  100  to  14.^.  If  so,  the 
oxigen  in  the  black  oxid  will  be  twice,  and  that  in  the 
red  oxid  thrice  as  much  as  in  the  supposed  oxid. 

Other  oxids  of  iron  have  been  mentioned  by  different 
chemists,  but  the  existence  of  these  has  not  been  satisfac- 
torily proved  ;  the  only  oxids  known  to  unite  with  acids, 
and  form  salts,  being  those  described. 

Different  statements  have  been  given  of  the  action  of 
iron  on  water.  When  they  are  kept  together  and  expos- 
ed at  the  same  time  to  air,  there  is  a  decomposition  and 
disengagement  of  hydrogen  gas,  but  when  the  water  is 
pure,  the  iron  may  be  kept  in  it  without  undergoing  any 
change,  provided  air  is  excluded.  At  a  high  tempera- 
ture, however,  there  is  a  rapid  decomposition  and  evolu- 
tion of  hydrogen,  as  is  shewn  by  passing  its  vapour 
through  a  red  hot  gun  barrel,  or  earthen  tube  stuffed 
with  shavings  of  iron,  (p.  1 38.  vol.  i.)  by  which  the  me- 
tal is  converted  to  protoxid. 

The  only  compounds  of  any  interest  of  iron  and  the 
simple  acidifiable  bodies,  are  those  with  carbon,  sulphur, 
and  cyanogen. 

Carburet  of  Iron* 

The  action  between  iron  and  carbon  is  important,  as 
by  their  union  they  form  the  useful  articles  steel  and 
cast  iron. 

Iron,  when  extracted  from  its  ores,  unites  with  a  little 
of  the  carbonaceous  matter  employed  in  the  process,  and 
forms  cast  iron^  of  which  there  are  different  kinds  accord- 
ing to  the  quantity  of  carbon.  When  thin  bars  of  it  are 
kept  at  a  red  heat  for  some  time,  imbedded  in  charcoal, 
they  unite,  and  form  steel,  which  is  therefore  a  carburet 
of  iron.  Steel  is  hard  and  brittle,  is  of  a  greyish  colour, 
and  susceptible  of  a  high  polish,  more  fusible  than  iron. 
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ftDd  malleable  and  ductile.  Its  most  remarkable  quality, 
however,  is  becoming  very  hard,  when  heated  and  sud- 
denly cooled.  This  is  what  is  called  hardening  steel, 
and  the  giving  it  the  proper  degree  of  hardness,  is  term- 
ed tempering.  When  heated  in  this  way,  it  is  the  hard- 
est of  metals,  and  is  also  possessed  of  great  elasticity, 
owing  to  which  it  is  useful  in  many  operations. 

That  steel  is  a  compound  of  iron  and  carbon,  is  proved 
by  putting  a  piece  of  it  into  diluted  nitrous  acid,  by 
which  the  former  is  dissolved,  and  a  black  powder  left, 
having  all  the  properties  of  the  latter.  The  quantity  of 
carbon  varies  according  to  the  process  practised  in  pre- 
paring it.  In  general  it  is  from  about  4  to  12  ounces  in 
the  100  weight.  The  more  it  contains,  it  becomes  the 
more  fusiblcf ;  it  is  of  the  utmost  consequence,  therefore, 
to  pay  particular  attention  to  its  manufacture.  In  this 
country,  large  troughs  are  built  of  mason- work,  below 
which  fires  are  placed,  so  as  to  heat  the  whole  of  them. 
In  these  are  put  alternate  layers  of  charcoal  and  bars  of 
iron,  and  when  full  they  are  covered  with  clay.  The 
fires  are  then  kindled,  and  continued  for  about  10  or  11 
days,  during  which  the  materials  are  kept  at  a  dull  red 
heat.  They  are  extinguished  when  the  iron  has  combin- 
ed with  a  sufficient  quantity  of  carbon,  which  is  known 
by  taking  out  a  bar,  and  testing  it.  From  the  blistered 
appearance  of  the  article  prepared  in  this  way,  it  is  called 
blistered  steel.  It  is  used  for  horse  shoes,  agricultural 
instruments,  and  the  like.  When  steel  is  hammered,  it 
is  very  much  improved  in  its  properties,  and  rendered 
fit  for  many  more  purposes.  This  is  done  by  putting  to- 
gether a  number  of  pieces  of  blistered  steel,  bringing 
them  to  a  red  heat,  and  then  hammering  them,  till  they 
are  welded,  the  hammering  and  welding  being  repeated 
several  times.  In  this  state  it  is  called  shear  steel,  and 
is  used  for  making  swords,  table  knives,  &c.  A  still 
finer  kind  is  called  cast  steely  but  different  accounts  are 
given  of  the  mode  of  manufacturing  it.  It  is  generally 
said  to  be  prepared  by  fusing  blistered  steel,  surrounded 
by  powder  of  charcoal  and  glass.     According  to  other 
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statements,  it  is  fused  without  any  admixture,  and  whcB 
liquid,  poured  into  moulds,  and  when  cold,  hammered  as 
in  the  manufacture  of  shear  steel.  Cast  steel  is  much 
closer  in  its  texture,  and  harder,  than  the  other  kinds; 
hence  it  is  used  for  the  finer  sorts  of  instruments,  as  pen- 
knives, razors,  and  surgeons^  instruments. 

Sulphuret, 

Iron  unites  easily  with  sulphur,  the  union  being  ef- 
fected in  different  ways.  When  1  of  iron  filings,  and  S 
of  sulphur,  by  weight,  are  heated  in  a  Florence  flask, 
they  unite  when  the  latter  is  properly  melted,  and  at  the 
moment  of  union,  there  is  a  vivid  glow  over  the  whole 
mixture,  and  which  continues  for  some  time.  A  black 
matter  is  left,  supposed  to  be  proto-sviphuret^  the  ingre- 
dients being  in  the  proportion  of  iron  63.64,  sulphur 
S6.36.  When  a  plate  of  iron  at  a  red  heat  is  held  on 
sulphur,  there  is  a  union  and  formation  of  sulphuret 
and  indeed  the  action  is  so  violent,  that  the  metal  is  soon 
pierced,  leaving  a  hole  of  the  size  of  the  sulphur  ;  but  for 
the  success  of  this  experiment,  it  is  necessary  to  use  steel 
or  malleable  iron. 

Proto-sulphuret  of  iron  is  insoluble  in  water.  It  is 
acted  on  by  acids,  provided  water  is  present,  the  iron 
being  oxidated,  and  sulphuretted  hydrogen  gas  disengag- 
ed, and  hence  it  is  frequently  employed  in  the  prepara- 
tion of  this  acid.  For  this  purpose,  equal  parts  of  sul- 
phuret and  sulphuric  acid,  mixed  with  4  of  water,  are 
put  into  a  retort,  and  the  gas  collected  in  the  usual  way. 
As  the  water  in  this  case  undergoes  decomposition,  the 
hydrogen  unites  with  the  sulphur,  and  the  oxigen  with 
the  iron,  the  former  coming  ofi^,  and  the  latter  remaining 
in  the  retort,  in  union  with  the  sulphuric  acid. 

When  proto-sulphuret  of  iron  is  exposed  to  a  red  heat 
with  more  sulphur,  a  per-svlphuret  is  formed.  It  is  of  a 
yellow  colour,  and  has  more  lustre  than  the  former.  It 
differs  from  it  in  not  being  affected  by  acids. 

Iron  is  also  acted  on  by  sulphur  at  a  low  temperature, 
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provided  moisture  is  present,  and  a  substance  is  formed, 
which,  when  exposed  to  air,  unites  with  its  oxigen,  and 
leaves  the  nitrogen,  and  hence  the  method  by  which  this 
elastic  fluid  is  usually  procured,  (vol.  i.  p.  206.) 

Sulphurets  of  iron  are  native  productions,  well  known 
.by  the  name  o( pyrites^  of  which  there  are  two  kinds,  the 
magnetic  and  cubical^  the  former  corresponding  to  the 
proto-sulphuret,  the  latter  to  the  per-sulphuret.  The 
magnetic,  when  exposed  to  air  and  moisture,  slowly  at- 
tracts oxigen,  and  becomes  sulphate,  the  action  in  fact 
being  the  same  as  with  the  mixture  in  the  preparation 
of  nitrogen  gas,  and  hence  the  mode  of  preparing  the 
sulphate  of  iron  of  commerce.  The  other  pyrites  is 
found  in  cubical  crystals,  having  considerable  lustre, 
and  the  properties  of  the  yellow  artificial  sulphuret. 

Salts  of  Ibon. 

The  acids  act  very  easily  with  iron,  the  action  differ- 
ing according  to  the  acid,  and  its  state  of  concentration. 
The  salts  formed,  are  of  course  like  those  of  the  fixed 
alkalies  and  earths,  compounds  of  the  acid  and  iron  in 
a  state  of  oxidation. 

Nitrate, 

When  iron  filings  are  thrown  into  nitric  acid,  diluted 
with  an  equal  quantity  of  water,  the  action  is  violent, 
nitric  oxid  in  large  quantity  being  disengaged,  and  the 
iron  passing  to  the  high  state  of  oxidation.  In  perform- 
ing this  experiment,  the  filings  should  be  thrown  into  a 
glass,  standing  on  a  plate  of  water,  and  into  which  the 
diluted  acid  has  been  previously  poured,  and  instantly 
covered  with  a  shade,  to  prevent  the  acid  vapour  from 
escaping. 

When  the  acid  is  more  diluted,  the  metal  is  gradually 
dissolved,  acquiring  oxigen  from  part  of  it,  and  a  ni- 
trate  is  formed.  This  is  of  a  brownish  colour,  but 
does  not  afford  crystals  on  evaporation.  If  it  be  more 
largely  diluted,  and  pieces  of  iron  put  into  it,  a  solution 


8  SALTS  OF  IRON, 

is  slowly  formed,  which  on  evaporation  yields  greenidi 
crystals ;  the  former  of  these  is  per-nitratef  the  latter 
proto-nitrate. 

Like  metallic  salts  in  general,  they  are  decomposed, 
particularly  the  per-nitrate,  by  alkalies  and  alkaline 
carbonates.  The  action  with  the  carbonate  is  important, 
as  it  affords  a  pharmaceutical  preparation,  much  used  as 
a  tonic,  the  liquor  Jerri  cdccdinloi  the  London  pharmaco- 
poeia. 

Two  drachms  of  iron  filings  are  put  into  two  ounces 
of  nitric  acid,  diluted  with  six  ounces  of  water,  and  when 
the  action  ceases,  solution  of  carbonate  of  potass,  to  the 
extent  of  about  six  ounces,  must  be  added,  or  till  the 
precipitate  formed  ceases  to  be  re-dissolved. 

In  the  first  part  of  the  process,  a  per-nitrate  of  iron, 
but  with  a  large  excess  of  acid,  is  formed  ;  and  in  the  se- 
cond, this  excess  is  merely  saturated  by  the  alkaline 
solution,  a  part  of  the  iron  being  precipitated  in  the 
state  of  carbonate,  but  which  is  instantly  dissolved  by 
the  nitric  acid,  so  that  the  product  is  a  mixture  of  nitrates 
of  iron  and  of  potass. 

Carbofiate, 

When  iron  filings  are  kept  in  carbonic  acid  water,  in 
close  vessels,  they  attract  oxigen,  and  then  imite  with 
the  acid.  The  fluid  acquires  a  styptic  taste ;  and,  on 
exposure  to  air,  deposits  carbonate  of  iron,  having  existed 
in  the  fluid  as  a  super-carbonate.  Rust  of  iron  is  also  a 
carbonate,  the  metal,  when  exposed  to  air  and  moisture, 
first  getting  oxigen  from  the  water,  and  afterwards  car- 
bonic acid  from  the  atmosphere ;  and  hence  the  old  me- 
thod of  preparing  carbonate  of  iron,  merely  by  keeping 
moistened  filings  exposed  to  the  air. 

Carbonate  of  iron  may  be  more  easily  prepared,  by  the 
decomposition  of  a  soluble  salt  of  iron  by  an  alkaline  car- 
bonate.    (See  Sulphate.) 

Carbonate  of  iron  is  usually  in  the  form  of  a  brown 
powder,  insoluble  in  water.  When  exposed  to  heat,  its 
acid  is  expelled,  and  the  oxid  left  pure.    Like  carbonates, 
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it  effervesces  with  acids,  by  which   the  carbonic    acid  is 
driven  off. 

It  is  used  as  a  tonic  in  the  dose  of  about  10  grains, 
once  or  twice  a  day,  in  general  in  conjunction  with  other 
tonics. 

Sulphate, 

When  iron  filings  are  put  into  concentrated  sulphuric 
acid,  there  is  no  action  at  a  natural  temperature  ;  but  on 
the  application  of  heat,  part  of  the  acid  is  disengaged,  the 
metal  acquiring  oxigcn  from  it,  and  forming  an  oxid  which 
enters  into  union  with  the  remainder  of  the  acid,  and 
produces  a  sulphate.  If,  instead  of  using  concentrated, 
diluted  acid  be  employed,  the  action  is  different,  the  me- 
tal acquiring  oxigen  from  the  water,  and  becoming  an 
oxid,  which  unites  with  the  acid,  while  hydrogen  gas  is 
disengaged,  and  hence  the  method  generally  practised  for 
procuring  it.  For  this  purpose  equal  weights  of  acid 
and  iron  filings,  with  four  of  water,  arc  used,  the  mix- 
ture being  put  into  a  retort,  and  the  action  allowed  to 
go  on  spontaneously,  for,  during  the  union  of  the  fluids, 
heat  is  generated,  by  which  the  evolution  of  gas  is  fa- 
voured. The  hydrogen  obtained  in  this  way  is  not  pure  ; 
it  burns  with  a  greenish  tinge,  and  is  of  greater  specific 
gravity  than  when  procured  by  other  means,  owing  to  im- 
purities derived  from  the  materials  employed  in  its  pre- 
paration. 

The  solution  left  in  the  retort,  on  evaporation,  affords 
green-coloured  crystals  of  sulphate  of  iron,  containing 
the  protoxid. 

Proto-sulphate  of  iron  thus  procured,  is  obtained  in 
well-formed  rhombic  crystals,  and  is  the  same  with  the 
well-known  salt  of  commerce  called  green  vitriol,  or  cojj- 
perasy  but  it  is  seldom  prepared  in  this  way.  It  has  been 
already  mentioned,  that  when  the  native  ores  containing 
sulphur  and  iron  are  exposed  to  a  moist  atmosphere,  they 
absorb  oxigen,  and  become  sulphate  ;  hence,  then,  the  me- 
thod by  which  sulphate  of  commerce  is  procured,  merely 
by  exposure  of  the   ore  to  air  and  moisture,  being  fre- 
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quently  turned  up  to  present  a  fresh  surface.     It  is  then 

dissolved,  filtered,  and  evaporated. 

The  different   statements  of  the  composition  of  this 

salt,  all  very  nearly  agree.     According  to  Thomson,  it  is 

composed  of 

acid,  28.9  or  1  atom   =  50 

protoxid,     25.7       1  atom    =  45 
water,         45.4       7  atoms  =  78.75 


100  its  atom  being  173.76. 

When  exposed  to  heat,  it  at  first  undergoes  watery  fu^ 
sion,  and  after  the  expulsion  of  the  whole  of  the  water,  a 
white  mass  is  left,  the  sidplias  Jerri  exsiccatus  of  the  phar- 
macopoeia. If,  after  this,  the  heat  be  continued,  it  uUp- 
dergoes  decomposition  ;  a  weak  acidulous  fluid  is  at  first 
given  ofi*,  and  then  a  fuming  acid  comes  over,  known  by 
the  name  o{  glacinl  oil  of  vitriol.  Hence  the  method  of 
preparing  this  acid  now  generally  practised  on  the  con- 
tinent. For  this  purpose  the  salt,  previously  freed  of 
water  of  crystallization,  is  put  into  cast-iron  retorts,  hav- 
ing receivers  adapted  to  them,  and  kept  cool.  On  the 
application  of  heat,  the  acid  fluid  comes  ofi^,  and  is  con- 
densed In  the  receiver.  After  the  action  has  ceased, 
there  is  left  in  the  retort  a  powder  of  a  reddish  colour, 
and  which  is  per-oxid  of  iron  ;  so  that,  during  the  expul- 
sion of  the  acid,  part  of  it  has  undergone  decomposition, 
and  given  off*  oxigen  to  the  protoxid,  to  convert  it  to 
per-oxid,  and  hence  the  origin  of  the  sulphurous  acid  also 
evolved  during  the  process.  The  residue  in  the  retort 
is  commonly  sold  under  the  name  of  colcotharj  and  is  used 
for  making  razor  straps,  and  for  polisliing  metals.  As 
the  acid  obtained  in  this  process  is  of  an  oily  consistence, 
and  being  prepared  from  green  vitriol,  hence  the  name 
oil  of  vitriol. 

The  process  for  procuring  anhydrous  sulphuric  acid 
from  the  sulphate,  has  been  described,  vol.  i.  p.  312. 

Sulphate  of  iron  is  soluble  in  about  6  of  temperate 
water,  affording  a  solution  of  a  pale  green  colour,  which, 
on  exposure  to  air,  is  gradually  changed,  absorbing  oxi- 
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geti)  by  which  the  metal  passes  to  a  higher  state  of  oxida- 
tion, and  becomes  a  persulphate ;  but,  as  the  acid  is  not 
in  sufficient  quantity  to  keep  the  oxid  in  solution,  part 
of  it  is  deposited  in  the  form  of  a  yellowish  brown  powder. 

The  alkalies  and  their  carbonates  decompose  the  sul- 
phate, throwing  down  either  the  oxid  or  carbonate. 
With  the  latter  the  action  is  important,  as  affording  a 
method  of  preparing  carbonate  of  iron,  which  is  a  phar- 
maceutical process.  For  this  purpose,  to  a  solution  of 
four  ounces  of  sulphate  of  iron,  add  that  of  five  ounces 
of  carbonate  of  soda.  A  dark-coloured  precipitate  is 
formed,  which  is  to  be  exposed  to  air,  and  afterwards 
well  washed  and  dried.  It  is  at  first  a  proto-carbonate, 
but  by  absorption  of  oxigen  and  carbonic  acid,  is  gra- 
dually converted  to  per-carbonate. 

Sulphate  of  iron  is  used  for  yielding  oil  of  vitriol  and 
oolcothar.  It  affords  also  a  solution  of  per-sulphate, 
which  is  much  employed  in  striking  a  dark  colour  with 
vegetable  astringent  matter,  and  hence  its  use  in  dyeing 
and  in  making  ink.     (See  Dyeing  and  Tannin.) 

Muriate, 

Muriatic  acid  acts  easily  on  iron,  the  action  being  the 
t|UDe  as  with  diluted  sulphuric  acid,  by  which  hydrogen 
is  disengaged,  and  proio-muriate  of  iron  formed.  The 
solution  is  of  a  greenish  colour,  but  is  very  apt  to  undergo 
decomposition  by  exposure  to  air,  oxigen  being  absorbed, 
and  the  salt  becoming /?^r.muria/^. 

Per-muriate,  with  the  maximum  oxid,  may  be  prepared 
also  by  dissolving  that  oxid,  or  the  carbonate,  in  the 
acid.  It  is  brownish,  and  does  not  crystallize,  but  yields, 
on  evaporation,  a  yellow-coloured  mass,  deliquescent  on 
exposure  to  air. 

Muriate  of  iron  is  much  employed  in  medicine  as  a 
tonic,  chiefly  m  the  form  of  tincture.  The  process  given 
by  the  Edinburgh  College,  consists  in  dissolving  the 
black  oxid  in  the  acid,  and  afterwards  adding  alcohol, 
while  in  the  London  Pharmacopceia,  the  red  oxid,  and  in 
the  Dublin,  the  carbonate  is  ordered.     The  muriate  pre- 


12  SALTS  OF  IRON. 

pared  from  these  is  the  same ;  for  though  the  Edinburgh 
process  yields  at  first  a  proto-muriate,  it  very  quickly 
becomes  per-muriate. 

The  alkalies  do  not  act  on  iron,  at  least  if  there  is 
any  action,  it  is  very  trifling. 

Iron  is  a  very  abundant  production  of  nature.  It  has 
been  found,  in  a  few  places,  in  its  native  state,  that  is, 
metallic.  In  Siberia  there  is  a  mass  calculated  to  weigh 
about  IGOO  pounds,  and  in  Peru  there  is  another  of  about 
300  pounds.  The  source  of  these  immense  masses  is  not 
known,  but  it  is  supposed  that  they  are  meteoric, — a 
supposition  deriving  plausibility  from  the  fact  that  they 
resemble,  in  their  chemical  composition,  substances  of 
undoubted  meteoric  origin,  particularly  in  containing 
nickel,  cobalt,  and  some  other  ingredients,  always  found 
in  meteoric  stones.  Two  pieces  have  also  been  observed 
at  Baffin's  Bay,  having  the  same  composition  as  those  of 
Siberia  and  Peru. 

Iron  exists,  however,  in  greatest  abundance  in  combi- 
nation, particularly  in  union  with  sulphur  and  with  oxi- 
gen,  and  from  which  it  is  always  procured. 

The  methods  practised  for  procuring  iron  from  its 
ores,  are  nearly  the  same  in  all  places ;  the  substances  used 
in  the  reduction,  are  coke  and  charcoal,  the  latter  being 
preferred,  but,  from  its  scarcity  in  this  country,  is  not 
much  used.  The  first  process  to  which  the  ironstone  is 
submitted,  is  to  break  it  to  small  pieces,  and  roast  it,  by 
which  the  sulph.ur  and  carbonic  acid  are  expelled,  and 
the  iron  is  left  in  union  with  oxigen  ;  it  is  then  reduced^ 
by  mixing  it  with  coke  and  lime,  and  subjecting  it  to  a 
strong  heat  in  a  furnace,  by  which  the  charcoal  unites 
with  the  oxigen  to  form  carbonic  acid,  which  is  disen- 
gaged, and  the  iron  is  left  in  its  metallic  state;  the  lime 
acting  on  the  earthy  impurities  of  the  ore,  and  fusing 
them.  When  the  iron  is  completely  deprived  of  its  oxi- 
gen, it  is  melted  and  falls  through  the  mixture,  to 
the  bottom  of  the  furnace,  and  is  then  run  off  into  cavi* 
ties  made  in  sand,  forming  jjig  iron  ;  and  it  is  in  this 
state  also   that  it  is  drawn  off  into  moulds,   to  yield  the 
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different  articles  of  cast  iron.  As  cast  iron  is  very 
brittle,  it  is  unfit  for  many  of  the  purposes  for  which  the 
pure  metal  is  employed ;  it  is  therefore  submitted  to  the 
process  of  refining,  which  consists  in  again  melting  it, 
and  when  cold,  subjecting  it  to  hammering'^  to  free  it 
from  impurities.  These  processes  of  fusing  and  hammer- 
ing are  repeated  several  times,  by  which  the  whole  of 
the  carbonaceous  matter  is  expelled,  and  it  is  thus  con- 
verted into  bar  or  malleable  iron,  (Aiken's  Chem.  Diet.) 

Ferro-Cyanic  Add, 

Cyanogen  enters  into  union  with  iron,  and  forms  a  sub- 
Blance  of  a  peculiar  nature,  which  exists  in  the  pigment 
long  known  by  the  name  of  Prussian  Blue, 

The  method  of  preparing  it  was  not  known  till  Wood- 
.ward  published  an  account  of  it  in  1724,  (Ph.  Tr.  1724.) 
It  consists  in  mixing  four  parts  of  bullock'*s  blood  with 
an  equal  quantity  of  carbonate  of  potass,  and  after  sub- 
jecting them  to  a  moderate  heat  till  the  mixture  becomes 
dry,  raising  the  temperature  till  fumes  cease  to  be  dis- 
engaged. The  residuum  is  then  boiled  in  water,  and 
filtered,  and  to  the  fluid  is  added  a  solution  of  1  ounce 
of  green  vitriol  and  2  of  alum,  by  which  a  greenish  pow- 
der is  precipitated,  but  which,  by  being  washed  with  mu- 
riatic acid,  becomes  blue. 

When  baryta  is  boiled  with  Prussian  Blue,  it  forms 
a  soluble  salt,  consisting  of  the  earth  in  union  with  an 
acid,  now  called ^rro-c^anic  acid^  and  from  which  the  acid 
can  be  disengaged  by  the  addition  of  oil  of  vitriol,  tlie 
baryta  being  precipitated,  and  the  ferro-cyanic  acid  left 
in  solution.     (See  Fer.  Cyan.  Bar. ) 

Ferro-cyanic  acid  is  a  transparent  fluid,  of  a  pale  yel- 
lowish colour,  but  destitute  of  smell.  It  is  easily  de- 
composed by  light,  by  which  hydro-cyanic  acid  is  form- 
ed, and  a  powder  falls,  at  first  of  a  whitish  colour,  but 
soon  becoming  blue.  It  is  also  decomposed  by  heat,  hy- 
dro-cyanic acid  and  hydro-cyanate  of  iron  being  formed. 

Very  diff^erent  opinions  are  entertained  with  respect  to 
the  composition  of  ferro-cyanic  acid.     Berzelius  has  sup* 
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posed  it  merely  hydro-cyanic  acid  in  union  with  protoxid 
of  iron,  but  having  an  excess  of  acid,  an  opinion  dis- 
proved by  the  experiments  of  Porret,  (Ph.  Tr.  1814.), 
who  has  found  that  the  iron  which  ferro-cyanates  always 
contain,  exists  as  an  ingredient  in  the  acid  ;  for,  on  de« 
composing  them  by  galvanism,  the  iron  is  drawn  towards 
the  positive  pole,  along  with  the  other  acid  ingredients. 

According  to  Porret,  ferro>cyanic  acid  is  composed  of 
2  atoms  of  hydro-cyanic  acid,  2  of  carbon,  and  1  of  iron 
in  its  metallic  state.  The  analysis  of  Robiquet,  on  the 
contrary,  would  lead  us  to  suppose  that  it  is  a  compound 
of  hydrogen,  cyanogen,  and  iron,  and  that  these  are  in 
certain  atomic  proportions,  cither  forming  hydro-cyanic 
acid  and  cyanuret  of  iron,  which  together  constitute  the 
compound  acid,  or  the  iron  and  cyanogen  may  be  consi- 
dered as  united,  forming  a  compound  radical,  with  which 
the  hydrogen  is  combined,  thus  constituting  a  hydr-acid ; 
so  that  the  proper  name  is  hydra^erro-^^yantc  acid. 

Adopting  the  above  as  its  composition,  its  ingredients 
are, 

iron,  -  1  atom 

cyanogen,         -        3  atoms 

hydrogen,        -         2  atoms 
the  two  first  united  to  form  1  atom  of  the  base,  with 
which  the  2  atoms  of  the  hydrogen  are  combined.     So 
that  it  may  be  stated  to  consist  of 

^    ^       ^  ^  f  iron  1    =     35 

1  atom  ferro-cyanuret   =   -J  «  ^a  ^ 

•^  (  cyanogen  8    =     9».5 

2  atoms  hydrogen  =  2.6 


its  atomic  weight  being  -  -         -         182. 

If  this  opinion,  with  respect  to  the  composition  of  the 
acid,  be  adopted,  two  views  may  be  entertained  of  the 
nature  of  the  compounds  formed  by  its  action  on  salifiable 
bases.  They  may  be  salts  of  the  acid  and  metallic  oxid, 
or  they  may  contain  the  radical  of  the  acid  united  with 
the  metal  in  its  metallic  state,  the  hydrogen  of  the  for- 
mer and  oxigen  of  the  latter  having  combined  to  form 
water.  Of  course,  when  the  substance  is  in  solution,  it 
is  a  compound  of  acid  and  oxid. 
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The  salts  formed  by  the  action  of  ferro>cyanic  acid 
and  bases,  were  long  known  by  the  name  of  Trij}le  Prus^ 
siaieSy  from  an  idea  that  they  contained  an  acid  in  union 
with  a  base,  and  iron  *.  They  are  now  generally  term- 
ed Jerra^yanaieSj  or  hydro^erro^anates.  They  form 
a  very  interesting  class  of  compounds,  the  properties  of 
which  have  been  examined  by  Porret,  (Ph.  Tr,  1814.) — 
Henry,  (Nic.  Jour,  iii.) — Robiquet,  (An.  de  Chem.  et 
de  Ph.  xvii.)-«-and  Berzelius,  (An.  of  Phil.  N.  S.  1.) 

Ferro-cyanaie  of  Potass, — It  has  been  already  mention- 
ed, that,  by  burning  blood  with  potass,  a  substance 
is  obtained,  which,  when  mixed  with  solution  of  green 
yitriol,  gives  a  bluish  precipitate.  From  this  ferro- 
i^anate  of  potassa  can  be  obtained,  by  throwing  it  into 
solution  of  the  alkali,  till  the  fluid  ceases  to  be  alkaline, 
having  previously  washed  the  blue  with  sulphuric  acid,  to 
remove  the  alumina.  Oxid  of  iron  is  deposited,  and  the 
add  is  left  in  union  with  the  potassa.  By  filtration  and 
evaporation,  cubical  crystals  of  ferro-cyanate  are  formed. 
According  to  Porret,  they  are  composed  of 

44.53  acid, 
40.34  alkali, 
15.13  water. 
It  is  probably  a  compound  of 

1  atom  acid,         132         or     48 

2  atoms  potass,    ISO  43.8 
2  atoms  water,       22.5  8.2 


274.5  100 

Ferro-cyanate  of  potassa  is  soluble  in  about  3  of  cold, 

and  in  its  own  weight  of  boiling  water.     When  heated 

slightly,  it  loses  its  water  of  crystallization ;  but  if  the 

heat  be  strong,  it  is  decomposed  ;  hydro-cyanic  (prussic) 


*  Hence  the  name  pruuic  acid,  given  to  tliat  procured  by  the  deoom- 
petition  of  some  of  the  pnissiates,  and  whicli  was  supposed  to  be  the  one 
cdtting  in  the  salt.  It  is  now  known,  however,  that,  during  the  ac- 
tion there  is  a  decomposition  by  which  hydro*cyanic  is  given  off,  so  that 
pnuih  and  hifdromcyamo  add  are  the  lame. 
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acid,  ammonia,  carbonic  ox  id  and  acid,  and  carburetted 
hydrogen  are  disengaged,  and  metallic  iron,  carbon,  and 
potassa,  probably  in  union  with  cyanogen,  remain. 

It  is  decomposed  also  when  heated  with  sulphur,  and 
sulpho-cyanic  acid  is  formed.  Hence  the  method  for  pro- 
curing it,  alluded  to  in  vol.  i.  p.  343.  Equal  weights  of 
powder  of  ferro-cyanate  and  flowers  of  sulphur  are  heat- 
ed together  for  some  time  in  a  flask.  The  residue,  when 
cold,  is  dissolved  in  water,  and  by  the  addition  of  po- 
tassa, any  iron  in  solution  is  deposited,  and  the  alkali  is 
left  united  with  the  sulpho-cyanic  acid,  and  from  which 
the  latter  can  be  obtained  by  distilling  it  with  oil  of  vi- 
triol. In  this  instance,  sulpho-cyanic  acid,  which  is  sup- 
posed to  be  a  compound  of  cyanogen,  hydrogen,  and  sul- 
phur, must  be  formed  by  the  sulphur  deriving  cyanogen 
and  hydrogen  from  the  ferro-cyanate,  both  of  which  are 
known  to  exist  in  it. 

Ferro-cyanate  of  potass  is  decomposed  by  the  stronger 
acids,  as  nitric,  sulphuric,  and  muriatic,  which  throw 
down  a  whitish  precipitate,  and  disengage  hydro-cyanic 
acid  ;  and  hence  a  method  of  procuring  it  in  the  gaseous 
form.  For  this  purpose  the  crystals  are  placed  into  a 
retort,  along  with  a  little  diluted  sulphuric  acid,  and 
heat  applied,  by  which  the  acid  unites  with  the  alkali, 
and  the  ferro-cyanic  acid  disengaged,  but  decomposed, 
giving  off*  hydro-cyanic  acid,  which  comes  over  in  the 
form  of  gas,  and  must  bj  collected  over  mercury. 

Ferro-cyanate  of  potass  is  not  acted  on  by  alkalies,  or 
alkaline  salts.  Some  of  the  earthy  salts  decompose  it, 
with  the  earth  of  which  its  acid  combines.  With  the 
salts  of  iron,  the  action  is  very  important.  When  added 
to  these,  a  precipitate  is  formed,  the  colour  of  which  de- 
pends on  the  state  of  oxidation  of  the  metal.  With  the 
proto-salts  it  is  white,  but  with  per- salts  it  is  blue.  With 
the  solutions  of  other  metallic  salts,  precipitates  are  also 
in  general  formed,  the  colour  differing  in  different  cases. 
(Sec  Appcndix\) 

When  anhydrous  ferro-cyanate  of  potass  is  mixed 
with  the  substance  called  oxid  of  manganese,  the  oxigen 
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from  the  latter  is  transferred  to  the  cyanogen  in  the  for- 
mer, by  which  a/anic  acid  is  generated,  and  is  left  in  union 
with  the  alkali.  This  is  the  method  recommended  by 
Wohler,  formerly  alluded  to,  (vol.  i.  p.  325.)  for  preparing 
cyanates,  (An.  de  Ch.  et  de  Ph.  xxvii.)  For  this  pur- 
pose equal  weights  of  the  dry  salt  and  oxid  are  calcined 
at  a  dull  red  heat,  and  the  residue  digested  in  alcohol, 
by  which  a  solution  is  obtained  that  will  yield  crystals 
when  it  cools.  From  this  cyanate,  the  acid  may  be  trans- 
ferred by  double  decomposition  to  other  bases. 
.  Ferro-cyanate  of  the  other  alkalies,  and  of  the  alkaline 
earths,  may  be  prepared  in  the  same  way  as  ferro-cyanate 
of  potassa,  and  in  their  general  properties  are  very  nearly 
the  same.  The  only  one  of  any  interest,  is  that  of  ba- 
ryta; because  from  it  ferro-cyanic  acid  is  procured. 
For  this  purpose,  the  salt  prepared  by  mixing  Prussian 
blue  with  solution  of  baryta,  is  dissolved  in  water,  and 
sulphuric  acid  is  added  as  long  as  it  throws  down  a  pre- 
cipitate, which  is  sulphate  of  baryta.  By  filtration,  the 
acid  is  obtained  pure. 

Ferro-Cyanatc  of  Iron.  It  has  been  already  mention- 
ed, that  when  ferro-cyanate  of  potassa  is  mixed  with  proto- 
«Jt  of  iron,  a  white  ferro-cyanate  is  precipitated ;  but 
when  a  per-salt  is  used,  the  precipitate  is  blue.  The  lat- 
ter is  the  only  one  of  any  interest ;  it  is  Prussian  blue, 
the  method  of  preparing  which  has  been  already  describ- 
ed, (vol.  ii.  p.  13.)  To  shew  the  action  of  the  alkaline 
ferro-cyanate  on  tlie  salt  of  iron,  a  solution  of  green  vi- 
triol, which  has  been  kept  exposed  to  air,  and  become 
a  per-salt,  ought  to  be  used  ;  and  to  render  the  blue 
deeper,  a  few  drops  of  u)uriatic  acid  should  be  added  to 
the  solution. 

Chemists  are  by  no  means  agreed  with  respect  to  the 
composition  of  this  substance.  According  to  Porret  and 
Vauquelin,  it  is  compoKcd  of  ferro-cjanic  acid  and  oxid 
of  iron  ;  but  Gay  Lussac  considers  it  a  compound  of  cy- 
anogen and  iron,  and  therefore  a  cyanurct.  If  we  adopt 
the  view  of  the  composition  of  ferro-cyanic  acid  already 
given,  (vol. ii. p.  14.)  and  that,  like  hydr-acids,  it  is  decom- 

VOL.  II.  B 
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posed  by  the  bases,  the  oxigen  of  which  is  not  held  by 
a  strong  affinity,  we  must  consider  Prussian  blue  as 
containing  metallic  iron,  and  the  compound  radical 
of  the  acid ;  and  if  so,  during  its  preparation,  the  sul- 
phuric acid  of  the  green  vitriol  and  the  potassa  of  the 
ferro-cyanate  will  form  a  sulphate,  while  the  oxigen  of 
the  iron  and  hydrogen  of  the  hydro-ferro-cyanic  acid 
will  generate  water,  leaving  the  ferro-cyanuret  to  unite 
with  the  iron  of  the  oxid,  to  produce  ferro-cyanuret  rf 
iro7iy  or  Prussian  blue. 

With  respect  to  the  chemical  changes  during  the  ma- 
nufacture of  Prussian  blue  of  commerce,  the  blood,  by 
its  incineration,  will  yield  cyanogen,  by  the  union  of 
part  of  its  carbon  and  nitrogen ;  and  which,  as  potassa 
is  present,  is  prevented  from  escaping;  and  on  mixing 
the  product  with  the  solution  of  green  vitriol,  the  cyano- 
gen and  part  of  the  iron  form  ferro-cyanuret,  which,  by 
its  action  on  the  remainder  of  the  metal,  produce  the 
Prussian  blue.  The  use  of  the  alum  is  to  render  the 
blue  more  permanent,  when  employed  as  a  dye-stuff;  for 
the  excess  of  potassa  with  which  the  blood  is  burned, 
causes  the  precipitation  of  alumina  along  with  the  ferro- 
cyanuret.  The  intention  of  washing  with  muriatic  acid, 
is  to  carry  off  impurities,  and  to  heighten  the  colour. 

Prussian  Blue  is  decomposed  by  a  strong  heat,  a  ga- 
seous fluid  is  given  off,  and  hydro-cyanate  of  ammonia  is 
sublimed,  while  oxid  of  iron  remains.  It  is  insoluble  in 
water,  and  in  acids ;  but  by  the  latter  it  is  decomposed 
at  an  elevated  temperature.  It  is  decomposed,  as  al- 
ready stated,  by  alkalies  and  alkaline  earths,  by  which 
ferro-cyanates  are  formed,  and  oxid  of  iron  precipitated. 

Owing  to  the  ease  with  which  ferro-cyanates  act  on 
the  salts  of  iron,  they  are  used  as  tests  of  it,  particularly 
those  of  potassa  and  lime.    (See  Mineral  Waters.  J 

The  action  between  Prussian  blue  and  some  of  the  oxids 
of  the  metals  is  peculiar  and  interesting,  particularly  with 
that  of  mercury,  as  a  substance  is  formed,  by  the  deccnn- 
position  of  which,  cyanogen  and  hydrcv-cyanic  acid  are 
prepared.     When  peroxid  of  mercury  is  boiled  with 
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Prussian  blue,  a  solutioa  is  obtained,  which,  on  evapo- 
imtion,  yields  a  compound  commonly  called  Prusstaie^ 
but  now  more  properly  termed  Cyomuret  qf  Mercury. 

In  this  instance,  considering  the  Prussian  blue  as 
ferro-cyanuret  of  iron,  there  is  a  decomposition  of  the 
water;  the  oxigen  uniting  with  the  iron  to  form  an 
oxid,  which  is  precipitated,  while  the  hydrogen  and  part 
of  the  cyanogen  generate  hydro-cyanic  acid,  to  combine 
with  the  oxid  of  mercury,  and  produce  a  hydro-cyanate. 
When  this  is  dried  by  evaporation,  it  becomes  cyanuret, 
the  2  atoms  of  oxigen  of  the  oxid,  and  the  2  of  hydrogen 
of  the  acid,  coming  off  in  the  form  of  water. 

This  substance  is  easily  decomposed  by  heat  and  by 
acids,  by  the  former  of  which  cyanogen,  and  by  the  lat- 
ter hydro-cyanic  acid,  are  set  free.  In  the  preparation  of 
the  mercurial  compound,  great  attention  must  be  paid, 
otherwise  a  substance  is  apt  to  be  generated  which  does 
not  yield  pure  cyanogen  or  acid.  The  process  given  by 
Ghiy  Lussac,  (An.  of  Ph.  vii.  and  viii.)  consists  in  di- 
gesting red  oxid  of  mercury  with  twice  its  weight  of 
Prussian  blue.  A  solution  is  formed,  which,  on  evapo- 
ration, yields  prismatic  crystals ;  but  before  evaporating, 
it  must  be  deprived  of  any  excess  of  iron  that  it  may 
-ooDtain,  by  digestion  with  a  little  more  oxid  of  mercury, 
and  then  neutralizing  the  oxid  by  muriatic  acid.  On 
evaporation,  prismatic  crystals  of  cyanuret  of  mercury 
are  deposited. 

Instead  of  employing  Prussian  blue  of  commerce,  it  is 
better  to  use  that  prepared  by  the  addition  of  ferro-cya- 
Bate  of  potass  to  sulphate  of  iron.  Two  parts  of  it  may 
be  boiled  with  three  of  the  red  oxid  in  water,  till  the  in- 
soluble matter  becomes  quite  brown.  The  solution  is 
then  to  be  filtered,  and  evaporated  to  dryness. 

For  procuring  cyanogen,  the  cyanuret,  carefully  dried 
at  a  temperature  little  below  21 2,  must  be  placed  into  a 
retort,  and  the  heat  of  a  spirit-lamp  applied,  by  which 
cyanogen  gas  is  expelled,  and  may  be  collected  over  mer- 
cury ;  at  the  same  time  a  little  cyanuret  of  mercury 
oomef  over  in  vapour,  and  is  condensed.     A  black  carbo- 
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naceous-looking  matter  is  left  in  the  retort.  In  this  ex- 
periment, the  cyanuret  is  decomposed  by  the  heat,  part 
of  the  cyanogen  being  driven  off,  and  the  mercury,  still 
retaining  some  of  it,  coming  off  in  vapour. 

In  preparing  cyanogen,  it  is  of  the  utmost  consequence 
that  the  cyanuret  be  quite  free  from  moisture;  for  if  any 
water  is  present,  hydro-cyanic  acid,  carbonic  acid,  and 
ammonia,  are  the  results ;  part  of  the  cyanogen,  without 
undergoing  decomposition,  uniting  with  hydrogen,  while 
another  part,  being  decomposed,  gives  its  ingredients, 
nitrogen  and  carbon,  to  the  hydrogen  and  oxigen,  to 
produce  the  ammonia  and  carbonic  acid. 

Cyanuret  of  mercury,  it  has  been  already  mentioned, 
is  decomposed  by  muriatic  acid,  and  hydro-cyanic  acid 
is  liberated.  Hence  the  method  of  procuring  it.  Dif- 
ferent processes  have  been  recommended,  according  to 
the  use  to  which  the  acid  is  to  be  applied.  The  process 
given  by  Gay  Lussac  (An.  of  Ph.  vii.)  is  the  following. 
The  cyanuret,  with  muriatic  acid  in  less  quantity  than  is 
necessary  for  the  neutralization  of  the  mercury,  are  put 
into  a  retort,  to  the  neck  of  which  there  is  adapted 
a  tube  about  two  feet  in  length,  l-3d  next  the  retort 
being  stuffed  with  marble,  the  remainder  with  fused 
muriate  of  lime,  (Chlorid  of  Calcium.)  To  the  end  of 
the  tube  there  is  luted  a  receiver,  kept  cool  by  a  freezing 
mixture.  On  the  application  of  heat,  hydro-cyanic  acid 
vapour,  water,  and  muriatic  acid  come  off,  the  last  of 
which  is  retained  by  the  marble,  the  second  by  the  fused 
salt,  while  the  acid  flows  on,  and  is  condensed  in  the  re- 
ceiver. Here  the  water  in  the  muriatic  acid  gives  oxi- 
gen to  the  mercury,  and  hydrogen  to  the  cyanogen ;  so 
that  hydro-cyanic  acid  and  muriate  of  mercury  are  the 
products. 

The  fluid  obtained  by  this  process  is  the  concentrated 
acid,  the  properties  of  which  have  been  described,  (vol.  i. 
p.  341.)  As  it  is  used  in  its  diluted  state  for  me- 
dicinal purposes,  there  is  no  necessity  for  having  recourse 
to  the  complicated  apparatus  of  Gay  Lussac,  a  retort 
and  receiver  will  answer  equally  well.    As,  however,  the 
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acid  is  a  very  powerful  agent,  it  is  necessary  to  be  cau- 
tious in  the  preparation  of  it,  so  as  to  have  it  always  of  a 
certain  strength.  The  process  followed  at  the  London 
Apothecaries^  Hall  consists  in  placing  into  a  retort, 

Cyanuret  of  mercury,        -         1  part ; 

Muriatic  acid,  (sp.  gr.  1150)     1  part; 

Water,  -  -  .  6  parts. 

Having  adapted  a  receiver,  heat  is  applied,  and  the  dis- 
tillation  continued  as  long  as  acid  conies  over  ;  the  pro- 
duct  is  of  sp.  gr,  0.995.  When  prepared,  it  must  be 
kept  in  earthenware  bottles,  so  as  to  exclude  it  from 
light,  to  prevent  it  undergoing  decomposition. 

Another  method  of  decomposing  the  cyanuret,  so  as 
to  obtain  from  it  hydro-cyanic  acid,  is  to  pass  a  stream 
of  sulphuretted  hydrogen  over  it,  placed  in  a  tube,  the 
end  of  which  terminates  in  a  receiver,  kept  cool  by  a 
fireezing  mixture.  In  this  case  the  mercury  retains  the 
sulphur,  while  the  hydrogen  and  cyanogen  unite  and 
form  the  acid,  which  coming  off  into  the  cool  receiver, 
is  condensed.  If  the  cyanuret  be  dissolved  in  water,  and 
a  stream  of  sulphuretted  hydrogen  be  passed  through  it, 
sulphuret  of  mercury  is  deposited,  and  hydro-cyanic  acid 
is  left  in  solution ;  and  hence  another  method  of  procur- 
ing it,  and  by  using  certain  proportions  of  cyanuret  and 
water,  an  acid  of  known  strength  may  always  be  ob- 
tained. 

COPPER. 

CoppEK  has  been  longer  known  than  any  of  the  metals. 
Brfore  iron  was  used,  it  was  employed  in  the  manufac- 
ture of  various  articles.  It  is  of  a  reddish  colour,  has 
considerable  lustre,  and  acquires  by  friction  a  peculiar 
odour.  It  has  also  considerable  malleability  and  ductility. 
A  wire  of  the  1-1 3th  part  of  an  inch  in  thickness,  will 
sustain  a  weight  of  about  800  pounds  without  breaking. 
Its  sp.  gr.  is  800.     Its  atomic  weight  80. 

When  copper  is  heated  in  close  vessels,  to  about  SO  of 
Wedgewood,  (4977  of  F.)  it  melts,  and  its  surface  be- 
comes of  a  fine  green  colour. 
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When  it  is  heated  slightly  in  contact  with  air,  it  it 
tarnished,  and  acquires  different  colours,  according  to 
the  continuance  of  the  heat.  If  it  be  kept  for  some  tine 
red  hot,  a  dark  brown  crust  is  formed,  which  scales  off, 
and  is  supplied  by  another.  If  highly  polished,  and 
heated,  it  assumes  various  colours,  according  to  the  time 
that  the  heat  is  applied ;  it  at  first  becomes  blue,  then 
yellow,  and  afterwards  violet ;  in  which  states  it  is  em- 
ployed for  ornamenting  toys.  When  subjected  to  a  very 
intense  heat,  as  when  exposed  to  the  oxi-hydrogen  blow* 
pipe,  it  bums  with  a  green  flame. 

Oicids. 

Copper  unites  with  two  proportions  of  oxigen.  The 
protoxid  is,  when  artificially  prepared,  of  a  reddish  co- 
lour. It  has  been  examined  particularly  by  Chenevix. 
It  may  be  prepared  by  dissolving  the  metal  in  muriatic 
acid,  and  keeping  the  solution  over  copper  filings,  and 
excluded  from  air.  On  the  addition  of  potassa,  the  oxid 
is  precipitated  of  an  orange  colour,  but  soon  beoomei 
red.     It  is  composed  of 

copper,  100     =1  atom  =s  80 
oxigen,    12.5  =  1  atom  =  10 

and  its  atomic  weight  is  therefore  90 
When  first  precipitated,  it  is  a  hydrate^  but  it  ia  diffi- 
cult to  keep  it  in  the  state  of  protoxid,  it  absorbs  oxigen 
so  easily  from  the  air. 

Peroxid  may  be  procured  by  heating  the  scales  to 
redness,  or  by  dissolving  the  metal  in  nitric  acid,  and 
precipitating  by  an  alkali.  As  thus  obtained,  it  is  a 
blue  hydrated  peroxid,  but  on  the  applicati<Hi  of  heat, 
the  water  is  expeUed,  and  it  beccMoes  black.  Its  compo- 
sition is 

copper,  100  «s  1  atom   «=  80 
oidgen,    AS  =:  2  atoms  »=  20 

and  its  atomic  weight  is  therefore   100 
The  oxids  of  copper  are  not  reduced  by  heal  alone;  they 
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require  the  presence  of  inflammable  matter.  They  have 
«  strong  attraction  for  water ;  and  hence  it  is  that,  when 
precipitated,  they  are  in  the  state  of  hydrate. 

Copper  has  no  action  with  water.  It  does  not  even 
decompose  it  at  a  red  heat.  When  exposed,  however,  to 
air  and  moisture,  it  acquires  a  greenish  crust,  which  is  a 
mrbonaiCy  the  action  being  exactly  the  same  as  with 
iron,  the  metal  first  acquiring  oxigen,  and  then  uniting 
with  carbonic  acid. 

The  action  between  copper  and  the  simple  acidifiable 
bodies  does  not  present  any  thing  interesting. 

The  acids  in  general  act  very  easily  with  copper. 
The  salts  are  usually  of  a  bluish  colour,  and  contain,  in 
general,  the  peroxid. 

NUrate. 

Nitric  acid,  either  concentrated  or  diluted,  acts  very 
powerfully  on  copper ;  and  the  action  is  important,  not 
obIj  as  a  means  of  preparing  nitrate,  but  also  of  procur- 
ing nitric  oxid.  For  this  purpose,  pieces  of  copper  being 
put  into  a  retort,  the  acid  diluted  with  2  of  water  is 
poured  on,  and  a  very  slight  heat  applied ;  but  when  the 
action  commences,  it  must  be  discontinued.     Part  of  the 

id  undergoes  decomposition,  the  copper  combines  with 

much  oxigen  as  will  form  it  into  peroxid,  with  which 
the  remainder  instantly  unites,  while  that  deprived  of  its 
oxigen  comes  off  in  the  form  of  nitric  oxid,  and  may 
be  collected  over  a  water  trough.  There  remains  in 
the  retort  a  blue  solution,  which,  on  evaporation,  yields 
crystals  of  nitrate. 

Nitrate  of  copper  has  a  disagreeable  taste,  is  deli- 
quescent, and  undergoes  watery  fusion ;  when  heated 
strongly,  its  acid  is  expelled,  and  the  oxid  left  pure.  On 
Hke  addition  of  alkalies  and  alkaline  carbonates,  oxid 
or  carbonate  is  precipitated. 

It  is  composed  of 

2  atoms  acid,    -       1S5 

1  atom  per-oxid,        100 

14  atoms  water,  157.5 


so  that  it  is  a  bi^m^tUe.  392.5 
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Carbonate, 
It  has  been  already  mentioned,  that  copper  is  convert- 
ed to  carbonate  by  exposure  to  air  and  moisture.  The 
easiest  mode  of  preparing  the  carbonate,  is  by  the  addi- 
tion of  an  alkaline  carbonate  to  a  salt  of  copper,  by  which 
a  bluish  precipitate  is  formed,  and  which,  when  dried  by 
exposure  to  the  sun's  rays,  is  a  pure  per-carbonate. 

Sulpliate, 

By  far  the  most  interesting  salt  of  copper  is  the  snL 
pJuLtCy  better  known  by  the  name  of  blue  vitriol.  Though 
sulphuric'acid  can  dissolve  copper,  the  sulphate  is  not 
prepared  in  this  way  ;  it  is  always  procured  by  a  process 
similar  to  that  by  which  green  vitriol  is  manufactured, 
by  exposing  the  natural  ores  containing  sulphur  and  cop- 
per to  air,  after  being  moistened,  by  which  both  absorb 
oxigen,  the  one  to  become  sulphuric  acid,  and  the  other 
oxid  of  copper,  and  which  unite  to  produce  the  sulphate, 
or  blue  vitriol.  After  it  has  been  exposed  to  air  for  some 
time,  the  residue  is  washed,  the  solution  filtered  and  eva- 
porated, by  which  crystals  are  produced. 

As  thus  obtained,  it  is  of  a  fine  blue  colour,  having  a 
disagreeable  taste ;  when  exposed  to  air,  it  acquires  a 
whitish  crust  on  its  surface,  from  its  losing  its  water  of 
crystallization.  It  is  soluble  in  water,  forming  a  blue 
solution,  and  which  is  easily  decomposed  by  the  alka- 
lies, the  action  with  ammonia  being  peculiar.  If  to 
its  solution  a  few  drops  of  aqua  ammoniae  be  added,  a 
powder  is  thrown  down,  which  is  the  oxid  of  copper ; 
but  if  more  be  put  in,  the  powder  is  dissolved,  and  the 
fluid  becomes  transparent,  and  of  a  fine  blue  colour. 

By  the  application  of  heat,  sulphate  of  copper  is  com- 
pletely decomposed,  the  whole  of  the  acid  being  expelled, 
and  the  oxid  left  pure.     It  is  composed  of 
acid,         82         2  atones         100 
oxid,        32         1  atom  100 

water,      36       20  atoms         112.6 


so  that  it  is  a  bu^vJphate. 
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There  does  not  appear  to  be  any  sulphate  containing 
the  protoxid. 

Copper  has  the  property  of  forming  triple  salts  with 
sulphuric  acid  and  the  alkalies,  particularly  with  ammo- 
nia.  The  substance  called  in  the  Pharmacopoeia  am- 
moniaretum  aipriy  is  a  sulphate,  according  to  Berze- 
lius,  sub-sulphate  of  copper  and  ammonia.  It  is  pre- 
pared by  triturating  9.  of  sulphate  of  copper,  and  3  of 
sub-carbonate  of  ammonia,  till  the  mixture,  which  at  first 
becomes  moist,  ceases  to  effervesce.  Hence  the  carbonic 
acid  is  disengaged,  while  the  S  atoms  of  sulphuric  acid 
are  left  in  union  with  both  of  the  bases.  The  cause  of 
tibe  mixture  becoming  moist,  is  the  substance  not  requir- 
ing the  whole  of  the  water  of  crystallization  of  both  salts, 
Sart  of  which  is  therefore  set  free.  The  product  is  of  a 
eep  blue  colour,  is  soluble  in  water,  giving  a  rich  blue 
solution. 

Sulphuretted  hydrogen,  passed  through  a  solution  of 
sulphate  of  copper,  gives  a  black  precipitate,  and  which 
must  be  considered  a  sulphuret. 

Arseniie. 

When  solution  of  arsenite  of  potass  is  mixed  with 
that  of  blue  vitriol,  there  is  a  double  decomposition, 
and  precipitation  of  arsenite  of  copper.  This  sub- 
stance is  of  a  grass  green  colour,  and  is  well  known  by 
the  name  of  ScheeWs  Green^  being  employed  as  a  paint. 
From  the  ease  with  which  blue  vitriol  acts  on  arsenous 
acid,  when  in  combination,  it  has  been  recommended  as 
a  test  of  arsenic  when  administered  as  a  poison  ;  but  it  is 
not  now  trusted  to,  other  substances  giving  precipitates 
with  it,  which  it  is  difficult  to  distinguish  from  those 
containing  arsenic. 

Ferro-cyanate. 

On  the  addition  of  fcrro-cyanate  of  potass  to  a  salt  of 
copper,  a  brown-coloured  precipitate  is  formed ;  and 
hence  this  substance  is  used  as  a  test  of  copper. 

The  alkalies  act  on  copper.  Potassa  digested  on  it 
acquires  a  bluish  colour.     When  ammonia  is  keDt  on  the 
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filings,  air  being  excluded,  it  continues  colourless,  but  on 
the  admission  of  air  it  becomes  blue.  In  the  first  in- 
stance, a  solution  of  protoxid  is  formed,  but  which,  by 
exposure  to  air,  rapidly  attracts  oxigen,  and  becomes 
per-oxid,  giving  the  blue  solution.  If  the  fluid  be  again 
put  into  the  phial  on  the  filings,  in  the  course  of  a  few 
days  it  again  becomes  colourless,  the  metal  depriving  the 
peroxid  of  part  of  its  oxigen,  and  thus  forming  itself  and 
the  other  to  protoxid.  These  changes  may  be  effected 
any  number  of  times,  taking  care  to  have  a  sufficient 
quantity  of  filings. 

Ammonia,  it  has  been  already  mentioned,  throws  down 
precipitates  from  the  salts  of  copper,  and  which  are  re- 
dissolved.  Hence  the  use  of  ammonia  in  separating  this 
metal  from  others  with  which  it  may  be  mixed. 

Copper  unites  with  iron,  but  the  union  is  effected  with 
di£Sculty ;  the  alloy  is  grey,  less  fusible  than  copper,  and 
magnetic. 

Iron  throws  down  copper  from  a  solution  of  any  of  its 
salts.  Thus,  when  a  plate  of  iron  is  put  into  a  solution 
of  blue  vitriol,  it  is  very  soon  covered  with  a  thin  coat- 
ing of  copper.  Here  the  iron  decomposes  the  salt ;  it 
takes  the  oxigen  from  it,  by  which  it  is  converted  to 
an  oxid,  and  unites  with  the  acid,  so  that  the  copper,  be^ 
ing  brought  to  its  metallic  state,  is  deposited. 

Copper  is  not  an  abundant  production.  It  is  found 
occasionally,  though  rarely,  in  its  metallic  state.  In 
general,  it  is  in  imion  with  oxigen  or  sulphur,  and 
sometimes  also  with  other  metals.  The  ore  from  which 
it  is  chiefly  obtained,  is  the  sulphuret,  found  principal- 
ly in  Cornwall,  Anglesea,  and  Hungary.  In  procur- 
ing it,  it  is  first  broken  to  small  pieces,  and  roasted, 
to  drive  off  the  sulphur  and  arsenic,  which  it  fre- 
quently also  contains.  It  is  then  put  into  a  furnace  and 
melted,  being  occasionally  mixed  with  a  little  lime,  to  in- 
crease the  fusibility,  and  when  fluid,  it  is  drawn  off 
through  a  hole  in  the  bottom  of  the  furnace,  and  put  into 
water,  by  which  it  is  granviated^  or  reduced  to  coarse 
powder.  The  copper  thus  obtained,  is  kept  at  a  low  red 
heat  for  some  days,  and^^ter  this,  repeatedly  fused 


COPPER.  87 

and  cast  into  moulds ;  and  lastly,  it  is  placed  in  a  refining 
fiirnace  with  a  little  charcoal,  and  again  melted,  after 
which,  if  it  bear  hammering,  it  is  fit  for  sale. 

Copper,  in  a  state  of  considerable  purity,  is  occasionally 
procured  also  from  the  springs  which  contain  it.  For  this 
purpose,  pieces  of  iron  are  thrown  in,  and  left  there  for 
■ome  time,  by  which  they  are  dissolved,  and  the  copper 
deposited  in  their  place ;  so  that  they  appear  to  be  con- 
verted to  it,  the  action  being  here  the  same  as  that 
already  noticed,  the  iron  taking  oxigen  from  the  salt, 
and  combining  with  its  acid  to  form  a  soluble  compound, 
while  the  copper  in  its  metallic  state  is  deposited. 

Though  the  atomic  weight  of  copper  has  been  stated 
as  80,  yet  some  chemists,  particularly  Dr  Thomson,  are 
inclined  to  consider  it  as  only  40.  If  so,  the  atomic 
eompositjon  of  the  compounds  mentioned  will  be  diffe- 
rent from  those  given.  Thus,  instead  of  the  oxids  being 
considered,  the  one  a  compound  atom  to  atom,  and  the 
other  1  to  S,  that  called  the  protoxid  will  be  a  svb^xid^ 
consisting  of 

2  of  copper  =  80 

1  of  oxigen  =  10 ; 
and  the  peroxid  must  be  a  compound  of 

1  atom  copper  40 

1  of  oxigen       10 
The  aalts,  instead  of  consisting  of  2  atoms  of  acid  and 
1  of  oxid,  will  consist  of  an  atom  of  each. 

The  reason  for  adopting  this  atomic  number  is  to  get 
quit  of  the  anomaly  of  the  salts  of  copper  containing  9, 
atoms  of  acid ;  but  in  doing  this,  many  of  the  other  com- 
pounds,  which,  if  80  be  taken  as  the  atomic  weight,  consist 
of  atom  to  atom,  will  become  compounds  of  2  atoms  of 
the  metal  to  1  of  the  other  substance ;  so  that  an  anoma- 
ly, as  remarkable  as  the  one  we  wish  to  get  quit  of,  is 
introduced ;  besides,  by  considering  the  salts  as  contain- 
ing 2  atoms  of  acid,  we  can  more  easily  conceive  why 
ammonia  should  form  with  them  triple  compounds^  than 
if  they  contained  merely  1  atom.  For  this  reason  I  have 
thought  proper  to  keep  the  atomic  number  as  80  ;  of 
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course,  whichever  numher  be  adopted,  it  does  not  affect 
the  statements  with  respect  to  the  proportions  of  the  in- 
gredients of  the  compounds  by  weight. 

LEAD. 

Lead  has  been  long  known.  It  is  of  a  pale  bluish  co- 
lour when  recently  cut,  but  very  soon  tarnishes  by  expo- 
sure to  air.  It  emits  a  peculiar  odour  when  rubbed,  and 
leaves  a  dark  stain  on  paper.  It  is  one  of  the  softest  and 
least  malleable  of  the  metals,  and  is  far  inferior  in  mallea- 
bility, ductility,  and  tenacity,  to  iron  and  copper  ;  a  wire 
of  the  1-lOth  part  of  an  inch  in  thickness,  will  sustain  a 
weight  of  18  pounds.  Its  sp.  gr.  is  1135.  Its  atomic 
weight  130. 

When  subjected  to  a  temperature  of  about  612,  it  fuses; 
and  if  the  heat  be  raised  much  higher,  it  is  sublimed. 

Oaids, 

It  is  one  of  those  metals  which  are  easily  oxidated  by 
heat  and  air.  When  kept  at  a  high  temperature,  it  loses 
its  lustre,  and  acquires  a  crust  on  its  surface,  and  at  last 
a  white  powder  is  formed.  By  removing  this,  or  by  stir- 
ring, the  whole  is  converted  to  a  greenish  substance, 
which  is  a  mixture  of  oxid  with  minute  particles  of  metal. 
By  subjecting  it  to  heat  and  air,  a  yellow  pow;der  is  form- 
ed, which  is  a  pure  oxid,  and  sold  under  the  name  of 
massicot.  When  this,  ground  to  powder,  is  kept  at  a 
strong  heat,  the  flame  of  the  coals  at  the  same  time  play- 
ing on  it,  it  becomes  red,  forming  minium^  or  red  leady 
and  which,  when  heated  suddenly,  and  a  current  of  air 
allowed  to  pass  along  it,  undergoes  a  sort  of  fusion,  and 
forms  litharge. 

Massicot,  or  yellow  oxid  of  lead,  is  tasteless,  and  inso- 
luble in  water.  When  heated  in  close  vessels,  it  forms  a 
transparent  yellow-coloured  glass ;  but  if  air  be  admitted, 
it  becomes  red.  A  purer  yellow  oxid  may  be  obtained, 
by  dissolving  lead  in  nitric  acid,  precipitating  by  an  al- 
kali, and  heating  the  precipitate.  This  oxid  is,  accord- 
ing to  Berzelius,  composed  of 
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lead,  100         or         1  atom,         130 

oxigeD,  7.7  1  atom,  10 


140 
Minium,  or  red  lead,  has  also  been  analyzed  by  Berze- 
lius,  who  found  it  composed  of  yellow  oxid,  muriate  of 
lead,  sulphate  of  lead,  and  silica,  so  that  it  is  not  pure 
oxid  ;  hence,  when  acted  on  by  acids,  it  in  general  gives 
proto-salts,  but  not  pure.  It  is  supposed,  however,  by 
Berzelius  and  Thomson,  that  after  the  impurities  are  re- 
moved, there  remains  a  compound  having  half  again  as 
much  oxigen  as  exists  in  the  protoxid  ;  indeed,  from 
their  experiments,  it  appears  to  consist  of 

lead,  100 

ft 

oxigen,  11 .5 

Two  views  may  be  entertained  with  respect  to  its  na- 
ture. It  may  be  a  compound  of  protoxid  and  peroxid, 
in  certain  proportions,  or  may  contain  2  atoms  of  cop- 
per and  1  of  oxigen,  and  may  be  therefore  called  either 
deutoxidj  or,  as  has  been  done  with  the  oxid  of  a  copper, 
a  suboxld.  When  minium  is  acted  on  by  nitric  acid,  it 
is  decomposed,  proto-nitrate  is  obtained  in  solution,  and 
peroxid  is  precipitated.  We  may  here  explain  the  action, 
by  supposing  that  the  acid  has  merely  dissolved  the  one, 
and  left  the  other,  or  that  it  has  caused  a  decomposition ; 
supposing  it  a  suboxid,  one  part  having  taken  oxigen 
from  the  other,  the  latter  to  become  protoxid,  the  former 
peroxid. 

Peroxid  of  lead  is  of  a  brownish  colour ;  it  is  insohible 
in  water.  When  exposed  to  heat,  oxigen  is  given  off, 
and  it  becomes  protoxid.     It  is  composed  of 

lead,       100  1  atom     130 

oxigen,     15.3        2  atoms     20 
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Oxids  of  lead  are  not  reduced  by  heat  alone,  they  re- 
quire the  presence  of  inflammable  matter.     Hence,  when 
heated  with  charcoal,  carbonic  acid  and  metallic  lead 
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are  formed,  or  when  hydrogen  is  passed  over  them  at  a 
red  heat,  water  comes  off,  and  lead  is  left  in  the  tube. 

Water,  when  pure,  has  no  action  with  lead,  provided 
air  is  excluded  ;  but  if  it  be  admitted,  the  metal  is  slowly 
oxidated  and  dissolved.  This  action  goes  on  more  quick- 
ly when  spring  water  is  employed,  the  presence  of  tlie 
minute  quantity  of  saline  matter  in  it  favouring  the  ac- 
tion. Hence  the  corrosion  of  leaden  cisterns  and  pipes 
conveying  water. 

The  only  action  of  any  interest  between  lead  and  sim- 
ple acidifiable  bodies,  is  with  sulphur. 

SulphxireL 

Lead  unites  easily  with  sulphur,  the  union  being  ef- 
fected merely  by  heating  1  of  sulphur  with  6  of  lead, 
excluded  from  air.  A  dark-coloured  substance  is  form- 
ed, which  is  brittle,  less  fusible  than  the  metal,  and 
when  exposed  to  a  strong  heat  in  close  vessels,  gives  off 
the  whole  of  its  sulphur  ;  but  when  heated  in  air,  sulphu- 
rous acid  and  oxid  of  lead  are  the  products.  This  sub- 
stance is  the  same  as  the  native  sulphuret  called  galena^ 
and  which  is  a  very  abundant  production,  occurring 
massive  and  crystallized.  It  has  been  analyzed  by  Ber- 
zelius,  and  found  to  contain 

lead,       100  1  atom     130 

sulphur,  15  1  atom       20 

150 
This  sulphuret,  like  others,   when  acted  on  by  diluted 

acids,  gives  off  sulphuretted  hydrogen  gas. 

The  acids  in  general  act  on  lead  with  great  ease,  and 

form  salts  containing  chiefly  the  protoxid.     They  have 

a  sweetish  taste,  and  are  decomposed  by  heat.     The  first 

of  any  consequence  is  the 

Carbonate, 

Carbonic  acid  does  not  act  on  lead,  but  it  may  be 
made  to  unite  with  its  oxid  by  double  decomposition,  as 
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by  adding  alkaline  carbonate  to  solution  of  any  salt  of 
lead,  by  which  a  white  precipitate  is  formed.  Though 
carbonate  of  lead  can  be  thus  procured,  it  is  not  prepar* 
ed  in  this  way.  It  is  much  used  in  commerce,  under  the 
names  of  white  lead  and  cerusse^  employed  by  painters  in 
making  oil-paints.  White  lead  is  prepared  by  first  cast- 
ing the  metal  into  thin  sheets,  which  are  coiled  up,  and 
put  into  vessels  similar  to  flower-pots.  Into  these  vine- 
gar  is  poured,  till  it  reaches  near  the  lower  part  of  the 
metal ;  and  by  the  continued  application  of  heat,  it  is 
converted  to  vapour,  and,  acting  on  the  metal,  forms 
a  white  crust,  which  is  removed  by  passing  the  plates 
between  rollers,  or  moving  them  backwards  and  for- 
wards in  water,  to  prevent  the  dust  from  rising,  and 
proving  injurious  to  the  workmen.  The  white  lead 
thus  prepared  is  subjected  to  the  action  of  water,  by 
which  the  finer  is  separated  from  the  coarser  part.  In 
this  process,  the  vinegar,  a  compound  of  carbon,  oxi- 
gen,  and  hydrogen,  is  decomposed ;  it  gives  oxigen 
to  the  lead,  to  convert  it  to  an  oxid,  while  a  part  of  the 
carbon  and  oxigen  unite,  to  form  carbonic  acid,  which 
combines  with  the  oxid,  thus  producing  the  carbonate, 
or  white  lead. 

When  carbonate  of  lead  is  exposed  to  heat  with  char- 
coal, the  acid  is  expelled,  and  the  metal  left  pure.  It 
is  decomposed  by  the  acids  which  unite  with  its  oxid, 
and  disengage  its  acid. 

According  to  Berzelius,  it  is  composed  of 
acid,     16.6  1  atom     27.5 

oxid,     8S.5  1  atom  140 


167.5 
When  a  salt  of  lead  is  dissolved  in  common  water,  the 
solution  is  always  turbid  ;  or  if  a  transparent  solution  of 
any  of  its  salts  be  diluted  with  water,  it  also  becomes 
turbid,  from  the  deposition  of  carbonate,  owing  to  the 
presence  of  some  carbonate  in  the  water.  The  transpa- 
rency can,  however,  be  easily  restored  by  the  addition  of 
a  few  drops  of  the  acid  that  exists  in  the  salt  employed. 
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Sulphate. 

Sulphuric  acid,  at  a  natural  temperature,  does  not  act 
on  lead,  but  when  boiled  on  it  the  metal  is  slowly  oxi- 
dated, at  the  expense  of  part  of  the  acid,  and  sulphate  is 
formed.  Sulphate  may  also  be  procured  by  the  addition 
of  sulphuric  acid  or  a  sulphate  to  a  salt  of  lead,  by  which 
a  white  powder  is  deposited. 

It  may  be  exposed  to  a  high  temperature,  without  un- 
dergoing any  change.  But  when  heated  with  charcoal,  it 
is  decomposed,  the  acid  and  oxigen  being  expelled,  and 
the  lead  left  pure.  It  is  soluble  in  sulphuric  acid,  forming 
super-sulphate,  in  which  state  it  exists  in  common  oil  of 
vitriol,  owing  to  the  action  of  the  acid  on  the  lead  of  the 
chambers  in  which  it  is  prepared ;  and  that  it  does  so,  is 
proved  by  mixing  it  with  water,  and  allowing  the  mix- 
ture to  become  cold,  by  which  a  white  powder  is  deposit- 
ed ;  and  hence  the  method  of  purifying  the  acid  when  re- 
quired for  particular  experiments,  by  diluting  it  with 
water,  drawing  off  the  clear  fluid,  and  if  required  strong, 
concentrating  by  evaporation. 

Sulphate  of  lead  is  composed  of 

acid,     26.5  1  atom       50 

oxid,     73.3  1  atom     140 
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Sulphuretted  hydrogen,  either  gaseous  or  liquid,  throws 
down  a  dark-coloured  precipitate  from  any  of  the  salts 
of  lead  ;  and  the  same  happens  on  the  addition  of  any  hy- 
dro-sulphurct.  It  must  be  considered  a  sulphuret,  the 
hydrogen  of  the  acid  and  oxigen  of  the  oxid  having 
combined  to  form  water.  It  is  from  the  ease  with  which 
salts  of  lead  act  on  sulphuretted  hydrogen,  that  they  are 
employed  as  tests  of  it  when  in  solution,  (See  Mineral 
Waters ;)  and  hence  also  their  use  as  a  sympathetic  ink. 

There  are  two  kinds  of  sympathetic  ink  : — those  which 
are  colourless,  but  may  by  certain  means  be  made  visible; 
and  those  which,  being  coloured,  can  be  made  to  change 
their  appearance.  Salts  of  lead  belong  to  the  first  class. 
If,  for  instance,  traces  be  drawn  on  paper  with  a  solution 
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6f  any  salt  of  lead,  they  are  invisible,  but  the  moment 
the  paper  is  immersed  in  sulphurous  water,  or  after  being 
Inreathed  on  to  moisten  it,  is  exposed  to  sulphuretted  hy- 
drogen gas,  they  become  black  from  the  deposition  of 
•ulphuret.  For  these  experiments,  sugar  of  lead  which 
contains  the  oxid  in  union  with  acetic  acid,  or  acid  of 
vinegar,  answers  well. 

Muriate. 

Muriatic  acid  acts  feebly  on  lead ;  it  dissolves  the  oxid, 
and  from  the  solution  slender  crystals  may  be  obtained. 
Muriate,  (or  rather  chlorid,)  may  also  be  procured  by 
the  addition  of  a  concentrated  solution  of  muriate  of 
soda,  to  that  of  a  salt  of  lead.  It  then  forms  a  white 
powder,  soluble  in  about  22  of  cold  water.  It  is  soluble 
in  acids,  but  decomposed  by  alkalies,  its  acid  seemingly 
being  divided  between  the  alkali  and  oxid,  and  forming 
compounds  which  may  be  separated  by  water,  the  former 
only  being  soluble.  The  latter  is  a  white  powder,  but 
when  heated  becomes  of  fine  yellow.  It  is  the  same  as 
the  substance  at  one  time  much  used  as  a  pigment,  un« 
der  the  name  of  Tumer'a  yellow^  the  residue  of  a  process 
formerly  carried  on  for  decomposing  sea  salt,  but  now 
given  up  as  too  expensive. 

When  sea  salt  is  made  into  a  paste  with  litharge,  it  is  de* 
composed,  its  acid  unites  with  the  oxid,  and  the  soda  is  set 
firee.  Hence  the  patent  process  of  Turner  for  decomposing 
sea  salt,  which  consists  in  mixing  two  parts  of  the  former 
with  one  of  the  latter,  moistening  them,  and  leaving 
them  together  for  about  24  hours.  The  product  is  then 
washed  with  water,  filtered,  and  evaporated,  by  which 
soda  is  obtained.  A  white  substance  is  left  undissolved ; 
it  is  a  compound  of  muriatic  acid  and  lead,  and  which, 
when  heated,  changes  its  colour,  forming  Turner's  yellow. 

The  alkalies  do  not  act  on  lead.  They  dissolve  the 
ozidy  and  hence  a  means  of  separating  them  from  some 
«f  those  of  other  metals. 

The  oxids  of  lead  form  excellent  fluxes  with  earthy^ 
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Sulphate. 

Sulphuric  acid,  at  a  natural  temperature,  does  not  act 
on  lead,  but  when  boiled  on  it  the  metal  is  slowly  oxi- 
dated, at  the  expense  of  part  of  the  acid,  and  sulphate  is 
formed.  Sulphate  may  also  be  procured  by  the  addition 
of  sulphuric  acid  or  a  sulphate  to  a  salt  of  lead,  by  which 
a  white  powder  is  deposited. 

It  may  be  exposed  to  a  high  temperature,  without  un- 
dergoing any  change.  But  when  heated  with  charcoal,  it 
is  decomposed,  the  acid  and  oxigen  being  expelled,  and 
the  lead  left  pure.  It  is  soluble  in  sulphuric  acid,  forming 
super-sulphate,  in  which  state  it  exists  in  common  oil  of 
vitriol,  owing  to  the  action  of  the  acid  on  the  lead  of  the 
chambers  in  which  it  is  prepared ;  and  that  it  does  so,  is 
proved  by  mixing  it  with  water,  and  allowing  the  mix- 
ture to  become  cold,  by  which  a  white  powder  is  deposit- 
ed ;  and  hence  the  method  of  purifying  the  acid  when  re- 
quired for  particular  experiments,  by  diluting  it  with 
water,  drawing  off  the  clear  fluid,  and  if  required  strong, 
concentrating  by  evaporation. 

Sulphate  of  lead  is  composed  of 

acid,     26.5  1  atom       50 

oxid,     73.3  1  atom     140 
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Sulphuretted  hydrogen,  either  gaseous  or  liquid,  throws 
down  a  dark-coloured  precipitate  from  any  of  the  salts 
of  lead  ;  and  the  same  happens  on  the  addition  of  any  hy- 
dro-sulphuret.  It  must  be  considered  a  sulphuret,  the 
hydrogen  of  the  acid  and  oxigen  of  the  oxid  having 
combined  to  form  water.  It  is  from  the  ease  with  which 
salts  of  lead  act  on  sulphuretted  hydrogen,  that  they  are 
employed  as  tests  of  it  when  in  solution,  (See  Mineral 
Waters  ;)  and  hence  also  their  use  as  a  sympathetic  ink. 

There  are  two  kinds  of  sympathetic  ink  : — those  which 
are  colourless,  but  may  by  certain  means  be  made  visible; 
and  those  which,  being  coloured,  can  be  made  to  change 
their  appearance.  Salts  of  lead  belong  to  the  first  class. 
If,  for  instance,  traces  be  drawn  on  paper  with  a  solution 
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6f  any  6alt  of  lead,  they  are  iDvisible,  but  the  moment 
the  paper  is  immersed  in  sulphurous  water,  or  after  being 
lireathed  on  to  moisten  it,  is  exposed  to  sulphuretted  hy- 
drogen gas,  they  become  black  from  the  deposition  of 
•ulphuret.  For  these  experiments,  sugar  of  lead  which 
oontains  the  oxid  in  union  with  acetic  acid,  or  acid  of 
▼inegar,  answers  well. 

Muriate, 

Muriatic  acid  acts  feebly  on  lead;  it  dissolves  the  oxid, 
and  from  the  solution  slender  crystals  may  be  obtained. 
Muriate,  (or  rather  chlorid,)  may  also  be  procured  by 
the  addition  of  a  concentrated  solution  of  muriate  of 
soda,  to  that  of  a  salt  of  lead.  It  then  forms  a  white 
powder,  soluble  in  about  22  of  cold  water.  It  is  soluble 
in  acids,  but  decomposed  by  alkalies,  its  acid  seemingly 
being  divided  between  the  alkali  and  oxid,  and  forming 
oompounds  which  may  be  separated  by  water,  the  former 
only  being  soluble.  The  latter  is  a  white  powder,  but 
when  heated  becomes  of  fine  yellow.  It  is  the  same  as 
tlie  substance  at  one  time  much  used  as  a  pigment,  un« 
der  the  name  of  Turner's  t/ellowj  the  residue  of  a  process 
formerly  carried  on  for  decomposing  sea  salt,  but  now 
given  up  a£(  too  expensive. 

Whenseasalt  is  made  into  a  paste  with  litharge,  it  is  de* 
composed,  its  acid  unites  with  the  oxid,  and  the  soda  is  set 
free.  Hence  the  patent  process  of  Turner  for  decomposing 
sea  salt,  which  consists  in  mixing  two  parts  of  the  former 
with  one  of  the  latter,  moistening  them,  and  leaving 
them  together  for  about  24  hours.  The  product  is  then 
washed  with  water,  filtered,  and  evaporated,  by  which 
ioda  is  obtained.  A  white  substance  is  left  undissolved ; 
it  is  a  compound  of  muriatic  acid  and  lead,  and  which, 
when  heated,  changes  its  colour,  forming  Turner's  yellow. 
.  The  alkalies  do  not  act  on  lead.  They  dissolve  the 
oxid,  and  hence  a  means  of  separating  them  from  some 
of  those  of  other  metals. 
, :  The  oxids  of  lead  form  excellent  fluxes  with  earthy 
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matter ;  hence  they  are  used  for  causing  them  to  melt 
more  easily.  Thus,  litharge  is  employed  in  the  manu- 
fiM^ture  of  glass,  by  which  the  materials  are  more  readily 
fused,  and  the  glass  acquires  a  greater  lustre.  (See  voL  i. 
p.  506.)  When  the  litharge  is  in  large  quantity,  it  makes 
It  yellow.  White  lead  is  employed,  when  mixed  with 
powdered  flints,  and  sometimes  also  with  sea  salt^  as  a 
glazing  for  stone-ware.     (See  vol.  i.  p.  609.) 

Lead,  in  its  metallic  state,  is  employed  in  thin  sheets 
for  covering  the  tops  of  houses,  and  in  finer  plates  for 
lining  the  inside  of  boxes,  and  for  covering  the  mouths  of 
bottles  in  which  volatile  fluids  are  kept,  the  bottle  being 
first  covered  with  bladder^  then  with  sheet  lead»  and 
again  with  bladder. 

Lead  is  an  abundant  production  of  nature.  The  ore 
from  which  it  is  usually 'procured,  is  the  sulphuret,  orga-' 
Ufia,  and  which  is  easily  reduced  by  heat  alone.  For  this 
purpose,  after  being  freed  from  its  stony  impurities,  it  is 
placed  in  a  furnace,  and  made  quickly  red  hot,  being  fre- 
quently stirred ;  and  when  it  begins  to  soften,  the  tempera- 
ture is  reduced,  till  the  whole  of  the  sulphur  is  expelled. 
The  fire  is  then  made  brisk,  to  cause  the  lead  to  be  melt- 
ed, and  collect  at  the  bottom  of  the  furnace ;  after  which, 
lime  is  thrown  in,  to  thicken  the  impurities  that  collect 
on  the  surface,  and  the  fused  metal  is  drawn  ofi^into  ob- 
long moulds. 

Lead  ore  frequently  contains  a  suflicient  quantity  of 
silver  to  make  it  of  consequence  to  extract  it  from  it. 
(See  Silver,) 


TIN. 

Tin  has  been  long  known.  It  is  of  a  whitish  colour, 
with  considerable  lustre,  having  somewhat  the  appearance 
of  silver.  It  is  very  malleable,  being  easily  beat  out  to 
leaves  which  are  generally  about  1-1 000th  part  of  an  inch 
ill  thickness,  but  finer  leaf  can  also  be  prepared.  It  is  not 
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.poMessedof  much  ductility^  nor  is  it  very  tenacious,  a  wire 
of  the  10th  part  of  an  inch  sustaining  a  weight  of  only 
about  50  pounds.  It  has  but  little  elasticity,  and  in  bend- 
ing emits  a  crackling  noise.  It  is  so  soft,  as  to  be  easily 
cut.  When  exposed  to  air,  it  tarnishes,  though  dowly.  It 
melts  at  442,  and  if  the  heat  be  continued,  it  acquires  a 
white  crust  on  its  surface,  which  soon  becomes  yellow ; 
and  if  the  temperature  be  high,  and  a  stream  of  air  pass- 
ed over  it,  it  takes  fire  and  forms  an  oxid,  as  is  easily 
•hewn,  by  melting  it  in  a  ladle,  and  blowing  on  it,  tak- 
ing care  to  keep  up  the  heat.  Its  sp*  gr.  is  7S00.  Its 
atomic  weight  72.5. 

Oands. 

Tin  forms  with  oxigen  two  oxids  : — the  protoxid,  or 
that  generated  by  exposing  it  to  a  moderate  heat ;  and 
tile  peroxid,  or  that  obtained  by  subjecting  the  former 
to  a  higher  temperature. 

Protoxid,  though  it  may  be  formed  by  the  exposure  of 
tm  to  heat,  is  obtained  in  a  greater  state  of  purity  by 
other  processes.  By  dissolving  the  metal  in  muriatic 
add,  excluded  from  air,  precipitating  by  potass,  and 
drying  the  precipitate,  or  by  pouring  very  much  diluted 
Bitric  acid  (1  to  10,)  on  tin,  and  allowing  the  action  to 
go  on  spontaneously,  a  protoxid  is  formed.  It  is  of  a 
dark  grey  colour ;  is  insoluble,  and  not  decomposed  by 
heat.  According  to  Dr  Davy,  Berzelius,  and  others,  it 
IB  composed  of 

tin,         100    1  atom  =  72.6 
oxigen,     13.6 1  atom  s=  10 


82.5 
Pure  peroxid  may  be  obtained  by  exposing  the  prot- 
oxid to  heat  and  air,  or  by  throwing  tinfoil  into  ni- 
tnc  acid,  diluted  with  an  equal  quantity  of  water.  Ni- 
tric oxid  ia  given  off,  and  a  white  powder  is  l^t,  which, 
after  being  washed  and  slightly  healed^  to  carry  off  su- 
perfluous acid,  is  peroxid.  It  is  decomposed  by  heat.    It 

c2 
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'  is  insoluble  in  acids  unless  when  in  the  state  of  hydrate. 
It  is  composed  of 

tin,  100        1  atom   =  ^2.5 

oxigen,       27.2     2  atoms  =*=  20. 
Another  oxid  has  been  mentioned  by  Berzelius,  in 
•  which  the  oxigen  is  in  quantity  intermediate  to  that  in 
^the  other  oxids,  but  its  existence  has  not  been  sufficient- 
'  ly  established  by  experiment 

In  throwing  down  the  oxids  of  tin  from  any  of  their 
'  salts,  they  are  generally  in  the  state  of  hydrate^  but  from 
^  which  the  water  is  expelled  by  heat. 

Sulphuret. 

Tin  unites  with  sulphur,  and  forms  two  compounds,  a 
proto-sulphuret,  and  per-sulphuret.  When  tin,  sulphur, 
muriate  of  mercury,  and  muriate  of  ammonia,  are  heated 
together,  a  substance  of  a  golden  colour  is  formed,  long 
known  by  the  name  of  aurum  mitsivum.  This  is  now 
generally  procured  by  heating  equal  parts  of  sulphur  and 
the  protoxid,  by  which  sulphurous  acid  is  disengaged, 
and  sulphuret  of  tin  is  left.  When  first  prepared,  it  was 
supposed  to  be  sulphuret  of  the  axid,  but  the  experiments 
of  Davy  and  Berzelius  have  proved  it  to  be  a  sulphunat 
of  the  metal.  It  is  obtained  in  small  shining  scales  of  a 
golden  yellow  colour.  When  exposed  to  a  strcmg  heal, 
excluded  from  air,  sulphur  is  expelled,  and  another  sul- 
phuret, with  a  less  proportion  of  sulphur,  is  formed. 
The  latter  of  these  is  proto^ulphurety  composed  of 
tin,  100     1  atom  =  72.6 

sulphur,     28      1  atom  =  20 ; 
and  the  former  is  a  per-sulphate,  composed,  according  to 
Davy,  of 

tin,         100         1  atom   =  72.5 
sulphur,  56.25     2  atoms  ^=  40.  • 

Froto-sulphuret  of  tin  may  also  be  obtained  by  heating 
.together  tin  filings  and  sulphur,  and  continuing  the  heat 
-till  the  excess  of  the  latter  is  expelled. 

The  acids  act  easily  on  tin,  and  form  salts  containing 
both  of  the  oxids. 
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'  Nitrate. 

When  tinfoil  is  thrown  into  nitrous  acid,  previously 
mixed  with  a  little  water,  a  white  powder  is  deposited  ; 
bence,  if  we  wish  the  metal  to  be  dissolved,  and  a  salt  to 
be  formed,  the  acid  must  be  more  diluted.  If  it  b^ 
largely  diluted,  the  action  goes  on  very  gradually,  the 
metal  acquiring  oxigen  both  from  it  and  the  water;  and 
M  nitrogen  from  the  one,  and  hydrogen  from  the  other, 
come  off,  they  unite,  and  form  ammonia,  so  that  th^ 
iluid  contains  nitrate  of  tin,  and  nitrate  of  ammonia; 
fond  that  it  does  so,  is  proved  by  the  addition  of  lime, 
by  which  the  alkali  is  disengaged.  This  formation  of 
ammonia  is  generally  given  as  one  of  the  synthetic  proofs 
9f  its  composition. 

When  sulphuretted  hydrogen  gas  is  passed  through  a 
mlution  of  a  salt  of  tin,  containing  the  protoxid,  a  dark- 
ocdoured  precipitate  is  formed ;  but  when  one  with  the 
peroxid  is  used,  the  precipitate  is  of  the  colour  of  the 
miurum  muHxfum. 

Muriate. 

By  far  the  most  important  salt  of  tin,  is  that  with  mu- 
riatic acid.  This  acid  acts  feebly  on  it,  at  a  natural 
temperature ;  but  by  the  application  of  a  slight  heat,  it 
dissolves  it,  the  metal  having  previously  acquired  oxigen 
horn  the  water.  The  muriate  thus  formed,  is  of  a  pale 
yellowish  colour,  easily  decomposed  by  the  affusion  of 
water,  a  whitish  powder  being  precipitated. 

Muriate  of  tin  has  a  great  tendency  to  absorb  oxigen  ; 
bence,  when  exposed  to  the  air,  it  unites  with  it,  and  he* 
cornea  permufiate.  If,  when  in  this  state,  it  be  concen- 
trated by  evaporation,  a  fuming  fluid  is  obtained,  for- 
merly known  by  the  name  oi  Jtiming  liquor  qfLibaviuSy 
owing  to  the  emission  of  white  fumes,  which  are  the  salt 
itself  rising  in  vapour,  and  uniting  with  the  moisture  of 
Ibe  air.  This,  according  to  some,  is  not  a  muriate,  but 
a.  liquid  chlorid,  containing  only  chlorine  and  tin,  the 
wbole  of  the  hydrogen  of  the  acid,  and  oxigen  of  the 
oxid,  having  been  expelled  by  evaporation. 
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A  similar  compound  may  be  obtained  by  distilling  1 
of  powdered  tin  with  3  of  corrosive  sublimate,  (perchlo- 
rid  of  mercury,)  by  which  the  chlorine  is  transferred  to 
the  tin,  and  chlorid  is  sublimed,  and  may  be  condensed 
in  the  receiver.  When  thus  procured,  it  emits  fumes  the 
moment  it  is  exposed  to  the  air.  According  to  Dr  Davy, 
it  consists  of  tin  58,  chlorine  7S,  which  is  very  nearly  1 
atom  of  the  former  to  S  of  the  latter ;  so  that  it  may 
be  considered  a  per-chlorid,  analogous,  of  course,  to  the 
solution  of  per-muriate. 

From  the  great  avidity  of  proto-muriate  of  tin  for  oxt- 
^en,  it  absorbs  it  from  many  of  the  per-salts  of  other 
metals,  and  reduces  them  to  the  state  of  proto-salts. 

The  action  of  nitro-muriatic  acid  on  tin,  is  also  im« 
portant.  When  pieces  of  tinfoil  are  thrown  into  it,  A 
transparent  brownish  fluid  is  formed,  which  becomes  of 
the  consistence  of  jelly,  and  is  decomposed  by  the  addi* 
tion  of  water,  the  oxid  being  precipitated. 

Muriates  of  tin  are  employed  by  dyers  as  mordants^ 
and  also  for  affording  a  rich  red  colour  with  some  djre- 
stuffs.  A  cheap  solution  of  tin  for  the  same  purpose,  is 
prepared  by  dissolving  14  ounces  of  it  in  8  pounds  of  rou* 
riatic  and  1  of  sulphuric  acid.  (Bancroft  onDyeing,)  The 
colour,  with  per-muriate,  is  not  only  bright,  but  perma- 
nent ;  and  hence  its  use  in  making  red  ink.  To  make  this, 
boil  1  lb.  of  chips  of  Brazil  logwood  in  three  quarts  of 
water,  for  half  an  hour ;  strain  the  decoction,  and  eva- 
porate to  a  pint  (English,)  then  add  half  an  ounce  of  sOi- 
lution  of  muriate  of  tin  which  has  been  exposed  to  the 
air,  half  an  ounce  of  spirit  of  wine,  a  quarter  of  an  ounce 
of  muriatic  acid,  and  a  quarter  of  an  ounce  of  brown 
sugar.  Muriate  of  tin,  for  this  purpose,  is  prepared,  by 
dissolving  tinfoil  in  muriatic  acid,  keeping  the  flask  near 
a  fire  to  promote  the  action. 

The  alkalies  unite  with  the  oxids  of  tin,  and  likewise 
^ith  some  of  its  salts,  forming  triple  compounds.  Tlie 
earths  also  combine  with  the  oxids,  and  form  an  opake 
glass ;  and  hence  its  use  in  the  manufacture  of  enamel.  ^ 
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Alloys. 

Tin  unites  with  the  greater  number  of  metals,  with 
8ome  of  which  it  forms  very  important  alloys.  It  does 
not  combine  very  easily  wiih  iron,  but  they  can  be  made 
to  enter  into  union,  by  melting  them  in  a  covered  cruci- 
ble. Tinning  of  iron  depends  on  the  attraction  exerted 
between  them.  Tinned  iron,  or  white  iron^  as  it  is  com- 
monly called,  and  sometimes,  but  improperly,  tin,  is 
formed,  by  dipping  very  thin  sheets  of  iron  into  melted 
tin,  previously  mixed  with  about  1-lOth  part  of  copper, 
which  prevents  too  much  of  it  from  adhering  to  the  iron, 
and  having  its  surface  covered  with  tallow,  to  keep  it 
from  undergoing  oxidation,  at  the  high  temperature  to 
which  it  is  exposed. 

Tinned  iron  is  a  very  useful  alloy  ;  it  does  not  easily 
rust ;  besides,  the  elasticity  of  the  iron  is  not  much  im- 
paired, and,  owing  to  the  fusibility  of  the  tin  on  its  sur- 
Uicey  two  pieces  of  it  are  easily  soldered  together. 

Pots  are  often  lined  with  a  thin  layer  of  tin,  which  is 
done  by  first  rubbing  over  their  surfaces  with  sal  ammo- 
taiac,  and  after  heating  them,  pouring  in  some  melted 
tin,  and  revolving  them,  so  that  the  whole  of  it  may  be 
brought  in  contact  with  the  iron,  by  which  it  acquires  a 
coating,  that  prevents  it  from  imdergoing  any  change  by 
exposure  to  air. 

Perhaps  the  alloys  of  tin  and  copper  are  the  most 
useful.  Tin  diminishes  the  ductility,  but  increases  the 
hardness  and  tenacity  of  copper,  and  it  also  renders 
it  more  sonorous,  and  more  easily  fused.  To  procure 
an  alloy  in  the  proportion  in  which  the  metals  are 
mixed,  it  is  necessary  to  keep  the  mixture  long  in  fu- 
rion,  and  to  stir  it  constantly  during  cooling.  In  this  way 
are  formed  bronze^  gun  metaly  beU  metal,  and  that  used  for 
tbe  reflecting  mirrors  of  telescopes.  The  two  first  are 
eompounds  of  100  copper,  and  from  8  to  10  of  tin.  The 
alloy  is  yellow,  and  is  more  easily  melted  than  copper ; 
bence  its  use  in  tnaking  statues.  It  was  used  also  by  the 
ancients  before  iron  was  known,  for  swords,  spears,  and 
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other  warlike  instruments,  and  many  of  their  sharp^ged 
tools  and  medals  were  made  of  it.  Bell  metal  is  composed 
of  100  of  copper,  and  about  30  of  tin,  the  conch  of  the 
Indians  being  nearly  of  the  same  composition  ^  and  the 
metal  for  telescopes  contains  a  still  larger  proportion  of 
tin,  about  100  to  50. 

Tin  unites  with  lead  in  almost  every  proportion  ;  the 
alloy  is  easily  fused,  hence  it  is  employed  as  a  solder ; 
plumbers^  solder  being  usually  composed  of  about  equal 
parts  of  tin  and  lead. 

Tin  is  not  an  abundant  production  of  nature.  It  it 
found  in  but  few  places,  as  in  Gallicia  in  Spain,  in  Sax- 
ony, Bohemia,  and  in  Cornwall  in  England.  Its  oret 
are  the  sulphuret  and  oxid,  from  the  latter  of  which  it  is 
got,  by  heating  it  with  inflammable  matter.  For  this 
purpose,  after  being  freed  as  much  as  possible  from 
earthy  impurities,  it  is  roasted  to  drive  off  any  sulphur, 
and  then  mixed  with  coal  or  coke,  and  again  subjected 
to  heat,  during  which  the  carbon  unites  with  the  oxiges, 
and  the  tin,  brought  to  its  metallic  state,  is  fused,  and 
is  drawn  off  in  shallow  pits.  When  solid,  it  is  exposed 
to  a  moderate  heat,  so  as  to  melt  the  purest  part,  which 
is  run  off  into  moulds,  and  forms  grain  tin*  What  ii 
left  is  common  tin,  which  is  not  so  pure  as  the  other» 
containing  a  little  copper,  iron,  and  arsenic. 
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Zinc  has  not  been  long  known,  but  one  of  its  com- 
pounds was  used  by  the  ancients  in  the  formation  of 
brass,  of  the  nature  of  which,  however,  they  were  igoo^ 
rant.  The  metal  itself  seems  to  have  been  discovered 
about  the  middle  of  the  16th  century. 

When  pure,  it  is  of  a  bluish  colour,  hard  and  brittle^ 
tind,  when  recently  broken,  of  considerable  lustre.  Its 
sp.  gr.  varies  from  6870  to  7100,  the  lightest  being 
considered  the  purest.  Its  atomic  weight  is  42.5.  It 
was  formerly  considered  one  of  those  metals  not  possess- 
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ed  of  malleability  or  ductility,  but  is  now  known  to  have 
both  of  these  qualities.  By  cautious  and  equal  pressure, 
it  may  be  extended  to  plates,  and  by  heating  it  to  a  cer- 
tain temperature,  its  malleability  and  ductility  are  much 
increased.  The  degree  at  which  this  takes  place,  is 
from  212  to  800.  It  may  be  then  beat  to  thin  plates, 
and  drawn  into  fine  wire,  which,  when  annealed,  retains 
considerable  tenacity,  one  of  the  10th  of  an  inch  in  thipk- 
ness  sustaining  a  weight  of  about  26  lb. 

If  the  zinc  be  raised  much  beyond  the  temperature 
stated,  as  to  about  400,  it  becomes  so  brittle,  that  it  is 
easily  reduced  to  powder. 

When  heated  in  close  vessels  to  about  680,  or  700,  it 
melts,  and  by  a  higher  temperature  is  volatilized. 

When  exposed  to  the  atmosphere,  it  is  slowly  tarnish- 
ed ;  but  does  not  undergo  any  particular  change. 

When  heated  in  contact  with  air,  it  soon  acquires  a 
crust  on  its  surface,  and  if  it  be  stirred  when  in  this 
state,  the  whole  of  it  is  converted  to  a  greyish  powder, 
which  is  an  oxid.  If  the  temperature  be  high,  it  takes 
fire  and  burns  with  a  bright  flame,  which  becomes  more 
brilliant  by  blowing  on  it,  (vol.  i.  p.  192.) 

Oa:id, 

The  oxid  thus  formed  is  grey,  and  cannot  be  decom- 
posed by  heat  alone ;  it  requires  the  presence  of  inflam- 
mable matter,  as  charcoal ;  and  the  process  must  be  car- 
ried on  in  vessels  from  which  the  air  is  excluded,  other- 
wise the  metal,  when  formed,  instantly  unites  with  oxi- 
gen,  and  again  becomes  an  oxid. 

Oxid  of  zinc  is  sometimes  employed  by  painters,  instead 
of  white  lead,  in  the  preparation  of  their  paint.  Though 
it  is  more  troublesome  to  work  with,  yet  in  other  respects 
it  is  preferable  to  white  lead.  It  is  not  at  all  liable  to 
become  dark  coloured,  and  it  does  not  prove  injurious  to 
the  workmen. 

We  are  acquainted  with  only  one  compound  of  zinc 
and  oxigen.     It  is  that  formed  by  the  action  of  heat  and 
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air  on  the  metal,  or  it  may  be  prepared  by  precipitation 

from  any  of  its  salts.     It  has  been  examined  by  Proust 

and  Berzelius,  who  agree  in  making  its  composition  to  be, 

zinc,       100  1  atom,       42.5 

oxigen,     S4.6  1  atom,        10 


so  that  its  atomic  weight  is  52.5 

Zinc  decomposes  water  at  a  natural  temperature,  slow- 
ly acquiring  a  crust  on  its  surface,  and  at  the  same  time 
evolving  hydrogen  gas.  If  the  water  be  brought  into 
contact  with  it  at.  a  high  temperature,  the  decomposition 
is  rapid,  and  accompanied  with  the  evolution  of  a  large 
quantity  of  hydrogen,  and  the  formation  of  the  oxid  al- 
ready described. 

Sulphuret. 
The  only  action  of  any  interest  between  zinc  and  sim- 
ple acidifiable  bodies,  is  with  sulphur.  The  compound 
is  not  easily  formed  synthetically,  the  substances  having 
apparently  little  affinity  for  each  other.  When,  how- 
ever, sulphur  and  the  oxid  are  heated,  oxigen  is  disen- 
gaged, and  a  sulphuret  is  formed.  The  same  is  produc- 
ed by  passing  a  stream  of  sulphuretted  hydrogen  through 
solution  of  a  salt  of  zinc,  qt  by  subjecting  dried  sulphate 
to  heat  along  with  charcoal,  by  which  the  oxigen  of  the 
acid  and  oxid  combine  with  the  carbon,  and  leave  the 
sulphur  and  metal  in  union.  The  sulphuret  is  white,  in 
this  respect  differing  from  those  of  other  metals.  It  re- 
sembles in  its  composition  the  native  compound  called 
blendcj  and  which,  according  to  Thomson,  contains 
zinc,       67.2  1  atom      42.5 

sulphur,  32.8  1  atom      20 

Nitrate. 

The  acids  act  with  great  ease  on  zinc,  owing  to  its 
powerful  attraction  for  oxigen.  When  zinc  filings  are 
thrown  into  nitric  acid,  diluted  with  an  equal  quantity 
of  water,  the  action  is  violent,  and  accompanied  with  the 
disengagement  of  nitric  oxid  ;  it  is  necessary  therefore  to 
have  the  acid  more  diluted,  to  allow  the  solution  to  go 
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on  slowly.     The  product  is  a  transparent  colourless  fluid, 
which  on  evaporation  yields  crystals  of  nitrate. 

Carbonate. 

When  to  a  solution  of  nitrate,  or  of  any  other  soluble 
salt,  that  of  an  alkaline  carbonate  is  added,  a  white  car^ 
bonate  of  zinc  is  precipitated.  The  carbonate  is,  how- 
ever, seldom  prepared  in  this  way,  being  a  native  produc- 
tion, known  by  the  name  of  calamine,  and  of  which  there 
€tte  two  kinds ;  the  hydrous  and  anhydrous^  the  latter,  ac- 
cording to  Thomson,  composed  of 

acid,     34.87         1  atom    37.6 
oxid,     65.63         1  atom     52.5 
mod  the  artificial  compound  prepared  by  precipitation 
and  cautious  drying,  is  of  the  same  composition. 

Hydrous  carbonate  is  of  a  yellowish  white  colour,  and 
is  generally  stalactitical.  It  is,  according  to  the  same 
authority,  composed  of 

1  atom  acid,  27.5 
1  atom  oxid,  5^,5 
1  atom  water,       11.25 

Sulphate. 

By  far  the  most  intere*sting  action  of  zinc  and  acids,  is 
with  sulphuric.  Concentrated  oil  of  vitriol  does  not  act 
cm  cine,  but  when  water  is  added,  there  is  an  immediate 
aetion  and  disengagement  of  hydrogen  gas,  so  that  the 
laetal  must  acquire 'oxigcn,  not  from  the  acid,  but  from 
die  water.  The  hydrogen  given  off  in  this  process,  is 
mueh  purer  than  that  got  by  the  action  of  iron.  It  is  of 
less  specific  gravity,  and  has  also  a  less  unpleasant  odour. 
Hence  the  method  generally  practised  when  it  is  required 
pure.  For  this  purpose,  4  parts  of  zinc,  and  5  of  suL 
phuric  acid,  are  put  into  a  retort,  along  with  20  of  water, 
and  the  action  allowed  to  go  on  for  a  short  time  before 
the  gas  is  collected.  When  it  has  ceased,  there  remains 
ia  the  retort  a  small  quantity  of  carbonaceous  matter, 
darived  from  the  impurities  of  the  zinc.  The  solution 
18  transparent  and  colourless,   and  yields  on  evaporation, 
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beautiful  transparent  right  rhombic  prisms  of  sulphate 
of  zinc,  or  white  vitriol  of  commerce.  The  compositioa 
of  the  sulphate  varies,  at  least  with  respect  to  the  quan- 
tity of  water  of  crystallization,  according  to  the  mode  of 
preparation.  When  obtained  by  the  spontaneous  evapo- 
ration of  a  cold  solution,  they  contain 

acid,     27.58  1  atom     50 

oxid,    28.96  1  atom    52.5 

water,  43.46  7  atoms   78.75 

When  procured  by  cooling  a  warm  saturated  solution^ 
they  contain 

acid,     36.7  1  atom     50 

oxid,  38.54  1  atom  52.5 
water,  24.76  3  atoms  33.75 
Sulphate  of  zinc  has  a  disagreeable  styptic  taste.  It 
is  soluble  in  1.4  of  water  at  60,  and  at  a  boiling  heat,  in 
its  own  water  of  crystallization.  When  the  temperature 
is  raised,  the  whole  of  the  water  is  expelled,  and  the  drj 
salt  left,  which,  by  the  application  of  a  still  stronger  heat, 
is  decomposed,  the  acid  being  expelled,  and  leaving  the 
oxid  pure.  It  is  decomposed  by  the  alkalies,  and  by  the 
alkaline  carbonates,  the  oxid  being  precipitated  by  the 
former,  and  carbonate  by  the  latter. 

Though  sulphate  of  zinc  can  be  prepared  by  the  so- 
lution of  the  metal  in  diluted  sulphuric  acid,  it  is 
seldom  obtained  from  that  source,  being  in  general 
procured  by  a  process  similar  to  that  by  which  sulphate 
of  iron  is  formed,  by  roasting  the  native  sulphuret,  by 
which  the  sulphur  and  metal  both  acquire  oxigen, 
and  become  sulphate.  The  residue  is  then  dissolved, 
filtered,  and  evaporated,  and  yields  white  vitriol  of 
commerce.  This  is  not,  however,  a  pure  sulphate. 
It  contains  a  little  iron,  which  gives  it  a  brownish  tinge, 
and  when  dissolved  in  water,  affords  a  solution  &pt  to 
throw  down  a  brownish  precipitate,  when  kept  for  some 
time.  Hence,  when  employed  in  medicine,  either  as  an 
emetic  or  as  a  wash,  it  is  ordered  to  be  prepared  by 
the  solution  of  the  metal.  The  process  is  the  same  as 
that  followed  in  the  preparation  of  hydrogen  gas. 
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*  -  It  has  been  already  mentioned,  that  when  sulphuret- 
'  ted  hydrogen  is  added  to  a  salt  of  zinc,  a  white  precipi- 
tate is  formed,  and  which  is  a  sulphuret.  This  is  also 
easily  procured,  by  the  addition  of  an  alkaline  hydro- 
•ulphuret  to  the  sulphate.  The  action  of  sulphuretted 
hydrogen  is  quite  characteristic  of  zinc,  and  sufficient 
to  distinguish  it  from  other  metals. 

Ferro^anate. 

On  the  addition  of  ferro-cyanate  of  potass  to  solution 
of  sulphate  of  zinc,  a  white  precipitate  falls,  which  is 
ferro-cyanate  of  zinc.  The  white  vitriol  of  commerce, 
however,  affords  a  pale  blue  one,  owing  to  the  presence 
of  iron. 

The  alkalies  unite  with  the  oxid  of  zinc,  and  form  a 
compound  soluble  in  water.  On  the  addition  of  potassa 
to  the  solution  of  the  sulphate,  a  white  oxid  is  deposited, 
Ibat  disappears  on  adding  an  excess.  From  the  solution 
the  oxid  may  again  be  precipitated,  by  the  neutralization 
-of  the  alkali. 

Zinc  unites  with  a  number  of  the  metals,  and  forms 
gome  very  important  alloys,  the  most  useful  of  which  is 
brass. 

«0wing  to  the  low  temperature  at  which  zinc  is  melted, 
and  even  volatilized,  it  is  difficult  to  obtain  a  perfect 
alloy  of  it  and  copper,  because,  before  the  latter  is  fused, 
a  great  deal  of  the  former  is  dissipated.  There  is,  how* 
ever,  an  easy  method  of  alloying  them  by  what  is  calL 
ed  cemerUcUion^  which  consists  in  exposing  copper  to 
heat,  along  with  a  mixture  of  zinc  ore  and  charcoal, 
during  which  the  ore  is  decomposed,  zinc  is  formed,  and 
unites  with  the  other,  and  converts  it  to  brass.  For  this 
purpose,  the  ore,  after  being  roasted,  is  mixed  with  char* 
eoal,  and  put  into  large  earthen  pots  with  pieces  of  copper, 
and  when  the  lids  are  secured,  heat  is  applied,  sufficient 
to  soften,  but  not  to  melt  the  copper,  because  the  zinc^ 
when  brought  to  its  metallic  state,  urill  penetrate  it ;  but 
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after  the  brass  is  formed,  the  temperature  la  raiaed,  by 
which  it  is  melted  and  drawn  off  into  moulds.  The  pro- 
portions of  the  ingredients  of  brass  vary  in  different 
places.  In  some,  40  of  copper  and  60  of  zinc  ore  are  eio- 
ployed,  which  yield  about  60  of  alloy,  making  the  pro- 
portions 2  of  the  former  to  1  of  the  latter.  It  is  seldom^ 
however,  that  the  quantity  of  zinc  is  so  high  ;  in  general 
it  does  not  exceed  ^  per  cent. 

Brass  is  more  fusible  than  copper,  and  is  malleable 
when  cold.  It  possesses,  however,  one  disadvantage,  that 
of  being  decomposed  at  a  high  temperature,  for,  when 
kept  long  melted  in  contact  with  air,  the  greater  part 
of  the  zinc  is  consumed ;  so  that,  in  working  with  it, 
the  temperature  ought  not  to  be  allowed  to  approach  that 
at  which  the  zinc  will  be  taken  from  it. 

Zinc  with  a  larger  proportion  of  copper  forms  alloys^ 
which  are  only  employed  in  making  trinkets,  as  /micA- 
beckj  tinsely  and  Dutch-kqf.  These  are  generally  prociured 
by  melting  brass  with  an  additional  quantity  of  copper, 
the  proportions  varying  according  to  the  colour  required. 

Zinc,  by  its  strong  attraction  for  oxigen,  decomposes 
the  salts  of  other  metals,  with  the  oxigen  and  acid  of 
which  it  unites  to  form  a  soluble  compound,  while  the 
other  metal  is  deposited  in  its  metallic  state.  The  action 
is  well  illustrated  with  salts  of  lead  ;  and,  when  a  weak 
solution  is  used,  it  goes  on  slowly,  and  the  mdlal, 
during  its  decomposition,  assumes  a  dendritic  appeal^ 
ance.  Hence  the  method  of  forming  what  is  commonly 
called  a  zinc  tree^  but,  properly  speaking,  a  lead  tree. 
For  this  purpose,  a  piece  of  rough  zinc  is  suspended  near 
the  top  of  a  tall  bottle,  full  of  a  solution  of  a  salt  of  lead, 
and  kept  without  agitation.  The  moment  it  is  introduCi- 
ed,  it  is  covered  with  a  thin  film  of  lead,  the  quantity  of 
which  gradually  increases,  till  at  last  it  nearly  occupies 
the  whole  of  the  bottle.  The  salt  employed,  is  sugar  of 
lead,  one  ounce  of  which  is  dissolved  in  SO  of  water,  and 
the  solution  filtered  ;  or,  to  render  it  clear,  a  few  drqpe 
of  vinegar  may  be  added. 

In  this  instance,  the  decomposition  is  generally  aaccib- 
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ad  to  the  superior  affinity  of  the  zinc  for  oxigen,  but  it  is 
evident  from  the  manner  in  which  the  lead  is  deposited, 
that,  besides  this,  there  is  an  action  of  a  different  nature. 
It  is  supposed  that  galvanism  is  concerned  in  causing  the 
dendritic  appearance.  When  the  zinc  is  put  into  the  so- 
lution, owing  to  the  strong  affinity  for  oxigen,  it  takes 
it  from  the  oxid  of  lead,  itself  becomes  ox  id,  and  unites 
with  the  acetic  acid,  forming  an  acetate,  which  is  dissolv- 
ed ;  while  the  lead,  deprived  of  its  oxigen,  is  deposited 
in  its  metallic  state,  and  adheres  to  the  zinc.  There  are 
therefore  two  metals  in  contact  in  a  saline  solution,  by 
wliich  galvanism  is  excited,  and  causes  the  decomposition 
cf  the  water ;  its  hydrogen  being  evolved  where  it  is  in 
-contact  with  the  lead,  and  its  oxigen  where  it  is  in  con- 
tact with  the  zinc.  The  zinc  and  oxigen  unite,  and  form 
oxid,  while  the  hydrogen  is  supposed  to  deprive  the  oxid 
fif  lead  of  its  oxigen,  generate  water,  and  cause  the  depo- 
ation  of  lead.  If  this  explanation  be  adopted,  we  can 
easily  conceive  why  the  lead  should  be  deposited  at  a  dis- 
laBoe  from  the  apparent  sphere  of  action,  and  thus  as- 
niHie  the  dendritic  form  ;  in  fact,  the  deposition  of  lead 
10  going  on,  not  where  the  zinc  is  in  contact  with  the  so- 
lution, but  at  the  extremities  of  the  tree,  each  particle 
•et  free  attaching  itself  to  that  deposited  immediately  be- 
lt. 
Zinc  does  not  occur  in  its  metallic  state,  nor  are  its 
numerous.  It  is  found  chiefly  in  union  with  sulphur 
carbonic  acid,  in  the  substances  called  blende  and 
talaminej  from  which  it  is  always  obtained.  For  this 
purpose,  the  ore  is  first  roasted,  to  drive  off  the  carbonic 
•Bid  from  the  one,  and  the  sulphur  from  the  other ;  after 
which  it  is  mixed  with  charcoal,  and  redtsced  by  the  appli- 
cation of  heat.  The  vessels  in  which  the  smelting  is 
eonducted,  are  large  earthen  pots,  through  the  bottom 
of  which  there  passes  a  tube,  the  upper  end  termina- 
ting  by  an  opening  near  the  top ;  the  lower  one  going 
through  the  furnace  into  water.  After  they  are  filled 
with  the  mixture  of  ore  and  charcoal,  the  lids  are  put  (Hi, 
and  heat  applied,  by  which  the  metal  is  reduced  and  coin 
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verted  into  vapour,  which  passes  through  the  tubeylEiiid 
is  condensed  io  the  water.  It  is  after  this  melted,  and 
poured  into  moulds.  '  ^ 
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M£BC0BY,  or  quicksilver^  was  well  known  to  the  ai»- 
cients,  and  used  by  them  in  many  of  their  operationa 
It  is  distinguished  from  other  metals  by  its  being  fluid 
at  a  natural  temperature.  It  has  a  bluish  white  colour, 
and  very  resplendent.  Its  sp.  gr.  is  1356.  Its  atomic 
weight  250.  When  thrown  on  a  table,  it  collects  into  a 
globule,  and  provided  it  is  pure,  runs  without  leaving  a 
tail.  It  has  neither  taste  nor  smell.  By  exposure  to 
air,  it  attracts  moisture  and  dust,  which  render  its  sur-t 
£ftce  dull ;  but  it  is  easily  freed  from  these  by  squeezing 
it  through  a  leather  bag. 

By  the  abstraction  of  caloric  mercury  may  be  made  to 
freeze,  the  congelation  occurring  at  about-— 89,  and  during 
its  change  of  form,  contracts  considerably,  consequently 
increases  in  specific  gravity.  It  was  this  that  gave  rise 
to  the  idea,  that  the  freezing  point  was  very  low.  In 
Braun's  experiments  the  thermometer  was  found  to. stand 
at  ^^56f  and  which  was  occasioned  by  the  mercury  hav^ 
ing  been  frozen,  and  during  its  congelation  and  cimtnio- 
tipn  sunk  in  the  stem  of  the  instrument.  According  to 
Cavendish,  the  diminution  is  equal  to  what  it  would  siil^ 
fer  by  passing  from  500  to  0,  that,  is  about  1-S3d  o£  ita 
volume. 

V  Solid  mercury,  according  to  Biddle,  is  of  sp.  gr.  1561, 
It  is  malleable,  and  easily  cut,  presenting  the  appear* 
ance  of  a  piece  of  recently  cut  lead. 

Mercury  at  a  natural  temperature  is,  according  to 
Faraday,  constantly  giving  off  a  little  vapour.  If,  for 
instance,  a  piece  of  gold  leaf  be  suspended  at  the  top  of  m 
phial  in  which  there  is  a  little  mercury,  it  becomes  slow* 
ly  amalgamated,  proving  that  part  of  the  fluid  must  have 
xisen  in  vapour  to  affect  it. 
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By  the  application  of  heat,  mercury  expands  more 
uniformly  than  any  other  fluid ;  indeed,  according  to 
Dulong  and  Petit,  the  expansion  between  32  and  212 
Keeps  pace  with  the  increase  of  temperature ;  and  hence 
its  value  in  the  construction  of  thermometers. 

The  boiling  point  of  mercury  has  been  differently  stat- 
ed. It  is  according  to  Irvine  672, — Creighton  655, — 
Dalton  666, — Daniells  644.  It  then  passes  off  in  va- 
pour, which  condenses  unchanged  in  its  properties,  in  the 
cool  part  of  the  apparatus.  By  this  means,  we  are  en- 
abled to  free  it  from  the  impurities  which  it  usually  con- 
tains, as  when  it  is  required  pure  for  filling  thermome- 
ters. For  this  purpose,  it  is  placed  into  an  earthenware 
or  iron  retort,  the  mouth  of  which  terminates  in  a  basin 
jof  water.  By  applying  heat,  the  mercurial  vapour  is 
^ven  off,  and  condensed  in  the  water,  from  which  it  is 
easily  freed,  by  pouring  off  the  fluid,  and  then  passing 
the  mercury  through  a  towel,  and  keeping  it  in  bottles, 
so  as  to  exclude  it  from  the  air. 

Mercury  is  not  acted  on  by  water. 

Oxids. 

.  Mercury  is  not  oxidated  by  mere  exposure  to  air,  but 

it  may  be  converted  to  an  oxid  by  agitation  or  tritura- 
tioD  in  contact  with  it  even  at  a  natural  temperature. 
When,  for  instance,  a  phial  with  a  little  of  it  is  tied  to  the 

.wheel  of  a  carriage,  or  to  any  piece  of  machinery,  a  grey- 
ish-coloured powder  is  gradually  formed,   more  particu- 

Jariy  if  moisture  is  also  present.  When  it  is  tritu- 
rated with  any  viscous  or  unctuous  substance,   the  oxi- 

•  dation  is  hastened  ;  and  hence  the  method  of  oxidating 
it^  as  ordered  by  the  pharmacopoeia  in  the  preparation  of 
blue  ointment  and  blue  pill,  in  which  it  is  rubbed  along 
with  lard  or  conserve  of  roses. 

The  oxid  prepared  in  this  way  is,  however,  seldom 
pure.  It  contains  a  great  deal  of  metallic  mercury  ;  and 
hence  the  difference  in  the  statements  given  with  respect 

^toits  composition.  When  properly  formed,  it  is  a  dark- 
coloured  powder,  insoluble  in  water,  and  easily  decom- 
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posed  by  beat.     The  statements  givea  of  its  compof 
all  ver J  nearly  agree.     They  are,  according  to 

metal    100  100  100 

oxigen      3.94  4.00  4.1  S. 

That  of  Fourcroy  may  be  considered  correct,  for 

as  100:4::  250: 10; 
so  that  it  is  a  protoxide  composed  of 

1  atom  mercury,         •  S50 
1  atom  oxigen,          -  10 


its  atomic  weight  being  S60 
Protoxid  of  mercury  may  also  be  prepared  by  the  ac- 
tion of  solution  of  potass  or  lime  on  the  proto-chlorid, 
by  which  the  hydrogen  unites  with  the  chlorine  to  form 
muriatic  acid,  and  the  oxigen  with  the  mercury  to  form 
protoxid.  Hence  the  method  given  in  the  pharmaoo- 
'pdeias  for  procuring  it.     (See  Calomel.) 

When  the  protoxid  is  exposed  to  heat  and  air,  it  ab- 
sorbs more  oxigen,  and  becomes  peroaid ;  and  the  same 
happens  also  with  metallic  mercury,  the  oxigen  being 
slowly  absorbed.  The  best  apparatus  for  this  purpose 
is  a  flask,  with  a  flat  bottom,  and  long  narrow  neck,  so 
that  the  air  may  be  freely  admitted,  but  the  vapour  of 
the  metal  prevented  from  escaping.  By  long  continued 
heat  in  this  way,  a  reddish-coloured  substance  is  formed. 
The  process  is,  however,  a  very  tedious  one,  requiring 
the  action  to  be  kept  up  for  weeks. 

The  oxid  thus  prepared  is  easily  decomposed  by  a 
strong  heat,  the  whole  of  the  oxigen  being  expelled,  aqd 
the  metal  left  pure.  It  contains  double  the  quantity  of 
oxigen  that  exists  in  the  protoxid.  It  is  therefore  com- 
posed of 

metal,         100  1  atom,         S50 

oxigen,  8  2  atoms,         20 


and  its  atom,     270 
Red  oxid  is  more  easily  procured  by  the  decomposition 
of  the  nitrate^  by  a  process  which  will  be  immediately 
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described.  As  thus  obtained,  it  is  in  shining  scale9>  hay- 
ing an  acrid  taste,  and  very  corrosive,  and  hence  its  use 
Aft  an  escharotic,  being  much  employed  as  a  stimulant 
application  to  ulcers. 

From  the  ease  with  which  it  parts  with  its  oxigen,  it 
is  employed  for  yielding  it,  when  required  pure  for  par- 
ticular purposes.  All  that  is  necessary  is  to  put  it  into 
a  small  rietort,  and  apply  heat. 

The  action  between  mercury  and  some  of  the  simple 
acidifiable  bodies  is  interesting,  particularly  with  sul- 
phur and  chlorine. 

Sulphurets, 

•  Mercury  unites  with  sulphiur  by  synthesis.  When 
tqual  weights  of  them  are  rubbed  together  in  a  mortar, 
the  metal  soon  disappears,  and  a  black  powder  is  gradual- 
ly formed,  which,  when  properly  prepared,  is  ^proto^niU 
pkuret.  This  may  also  be  obtained  by  fusing  sulphur 
vith  mercury,  or  by  the  addition  of  a  hydro-sulphuret 
Id  a  mercurial  proto-salt,  by  which  a  black  precipitate  is 
tanned.  This  sulphuret  is  the  same  as  the  substauce 
IflBg  known  by  the  name  of  JEthiops  Mineral.  It  is,  ac- 
cording to  Guibourt,  composed  of 

metal,         100  1  atom      =:      S50 

sulphur,         8.2  1  atom      =        W 

Wlien  exposed  to  heat  it  is  decomposed,  and  metallic 
mercury  is  sublimed,  along  with  a  dark-coloured  sub- 
stance, but  which,  when  reduced  to  powder,  becomes 
bright  red.  This  is  also  a  sulphuret,  containing  more  sul- 
phur than  the  preceding ;  it  is  evident,  then,  that  one  part 
must  have  taken  sulphur  from  the  other  to  form  it.  Ac- 
oording  to  Guibourt,  it  contains 

metal,         100  1  atom,     =     25Q 

sulphur,        16  ft  atoms,   =:       40 

80  that  it  is  a  bi-sulphuref. 

When  the  bi-sulphuret  is  reduced  to  very  fine  powder, 
by  long  trituration  with  water,  it  assumes  a  beautiful  red 
eoiour,  and  is  then  known  by  the  name  of  vermilion. 
By  exposure  to  a  red  heat,  along  with  iron  filingSi  it  is 
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decomposed,  the  iron  unites  with  its  sulphur,  and  the 
mercury  is  set  free,  and  distilled  over ;  and  hence  the  me- 
thod of  procuring  it  hy  the  decomposition  of  the  native 
sulphuret  called  cinnabar, 

Chhrurets. 

When  mercury  is  heated  in  chlorine  gas  it  is  inflamed, 
and  a  whitish  crystalline-looking  substance  is  formed, 
composed,  according  to  Thomson,  of 

metal,  100 

chlorine,  S4.6 

and  as  100 :  34.6  : :  250  :  90  ; 
so  that  it  is  a  bi^hlorid. 

When  thrown  into  water  it  is  converted  to  per-muriaU, 
Though  bi-chlorid  can  be  procured  by  the  action  of  chlo- 
rine on  mercury,  it  is  never  prepared  in  this  way  for  use. 
It  is  obtained  by  the  decomposition  of  the  sulphate,  by  a 
process  of  sublimation;  and  hence  its  name,  corrosive 
sublimate.     (See  Muriate,) 

When  bi-chlorid  is  triturated  with  about  an  equal 
quantity  of  mercury,  the  latter  disappears,  and  a  black- 
ish-looking substance  is  formed,  which,  when  sublimed, 
yields  calomel  or  proUy-cldorid.     (See  Muriate,) 

Calomel  or  proto-chlorid,  as  usually  prepared",  is  in 
cakes,  which,  when  reduced  to  powder,  become  quite 
white.  Its  sp.  gr.  is  7100.  It  is  tasteless,  and  very  spiar- 
ingly  soluble,  requiring,  according  to  Rouelle,  1152  of 
boiling  water  to  dissolve  it.  By  the  application  of  heat 
it  is  sublimed  and  condensed,  unchanged  in  its  properties. 

It  contains  exactly  half  the  quantity  of  chlorine  thkt 
exists  in  the  other.     It  is  composed  therefore  of 
metal,         100  1  atom,         250 

chlorine,       17.3  1  atoni,  45 

When  calomel  is  exposed  to  light,  it  gradually  be^ 
comes  dark-coloured.  When  kept  in  chlorine  gas,  or  in 
its  solution,  it  is  slowly  converted  to  per-chlorid. 

The  alkalies  and  alkaline  earths  decompose  it,  and  pre- 
cipitate a  black  powder,  which  is  a  protoxid,  and  hence 
the  method  ordered  by  the  Pharmacopceia  for  procuring 
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ity  already  alluded  to.  When,  for  instaiice,  it  is  thrown 
into  solution  of  potass  or  of  lime,  the  water  is  decompos- 
ed, the  oxigen  uniting  with  the  mercury,  and  the  hydro- 
gen with  the  chlorine,  so  that  oxid  of  mercury  is  precipi- 
tated, and  muriate  of  lime,  or  of  potass,  remains  in  solu- 
tion. The  process  given  in  the  Edinburgh  Pharmaco- 
pceia,  consists  in  agitating  together  5  pounds  of  lime 
water  and  half  an  ounce  of  calomel,  filtering  and  wash- 
ing the  precipitate.  The  mixture  formed  in  this  case  is 
wdl  known  by  the  name  of  black  washy  much  used  as  an 
application  to  venereal  ulcers.  It  is  of  course  a  solution 
of  muriate  of  lime,  holding  black  oxid  suspended  in  it, 
so  that,  if  it  acts  as  a  mercurial,  it  must  be  by  the  pow- 
der thrown  on  the  sore,  the  bottle  being  always  shaken 
before  its  application. 

.  Calomel  is  used  as  a  purgative,  in  the  dose  of  five  or  six 
grains,  but  in  general  in  conjunction  with  other  substan- 
ces. In  smaller  doses,  along  with  opium,  it  is  adminis- 
tered as  a  mercurial  when  slight  salivation  is  required. 

Salts  of  Mebcuby. 

.The  acids  in  general  do  not  act  easily  with  mercury, 
bat  they  unite  with  its  oxids,  and  form  a  very  interesting 
daas  of  salts,  which  have  been  examined  with  great  care. 

Nitrates, 

Nitric  acid,  when  diluted,  acts  easily  on  mercury, 
but  the  product  difiPers  according  to  the  mode  in  which 
the  action  is  carried  on.  When  it  goes  on  slowly,  and 
without  the  aid  of  heat,  the  mercury  is  oxidized  to  the 
nunimum,  and  proto-nitrate  is  formed.  For  procuring 
this,  the  metal  must  be  put  into  its  own  weight  of  diluted 
acid,  (equal  parts  acid  and  water),  and  the  action  allow- 
ed to  go  on  spontaneously.  Should  it  not  commence,  a 
▼eiy  alight  heat  may  be  applied,  but  removed  the  mo- 
ment it  begins:  The  solution  is  transparent  and  colour- 
leMf  very  acrid  and  caustic,  tinging  the  skin  red.    By 
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evaporatibii  and  cooling,  it  affords  crystals  of  proto-nitrat^. 
leaving  a  solution  consisting  chiefly  of  per-nitrate. 

When  solution  of  proto-nitrate  of  mercury  is  evaporate 
ed  to  dryness,  and  afterwards  exposed  to  heat,  it  is  de. 
composed,  and  a  powder  is  left,  which  is  the  peroxid. 
Hence  the  method  of  preparing  the  Oxidum  Hydrargyri 
Rubrum  Per-Acidum  Nitricuvi  of  the  Edinburgh  Pharma- 
copoeia. For  this  8  parts  of  mercury  are  dissolved  in  4  of 
diluted  nitrous  acid,  as  already  described.  The  solution  b 
evaporated  to  dryness,  the  residue  ground  to  powder  and 
placed  in  a  glass  dish,  with  a  thick  plate  of  glass  resting 
on  it.  Heat  is  applied,  and  continued  till  the  whole  be^ 
comes  quite  red.  In  the  latter  part  of  this  process  the 
proto-nitrate  is  decomposed,  its  acid  being  expelled,  but 
at  the  same  time  its  oxid  acquires  more  oxigen,  and  it 
converted  to  peroxid ;  so  that,  when  properly  prepared^ 
the  product  is  red  oxid,  but  it  frequently  contains  a  little 
nitric  acid,  probably  from  the  whole  of  the  nitrate  not 
being  decomposed.  The  use  of  the  glass  plate  is  to  cauae 
the  decomposition  to  go  on  slowly,  so  as  to  communicate 
to  the  powder  a  shining  scaly  appearance. 

Proto-nitrate  of  mercury  is  decomposed  by  the  alkalies 
and  alkaline  carbonates.  It  is  also  decomposed  by  nrii- 
riate  of  soda,  and  the  action  is  important,  as  affording  a 
method  of  preparing  calomel  or  proto-chlorid  by  precipi- 
tation. Owing  to  the  tedious  nature  of  the  process  for 
procuring  calomel  by  sublimation,  it  was  recommended 
by  Scheele  to  throw  it  down  from  the  nitrate,  and  hente 
that  of  the  Pharmacopoeia  for  procuring  Calomel  Pred^ 
piiatum. 

Proto-nitrate  is  formed  in  the  usual  way,  by  dissolviqg 
mercury  in  its  own  weight  of  diluted  nitric  acid,  digest- 
ing towards  the  end  with  a  very  slight  heat,  and  throw* 
ing  the  solution,  while  warm,  into  that  of  half  the  quan- 
tity of  seasalt.  A  white  powder  falls,  which  must  bi 
well  washed  with  hot  water.  On  mixing  the  solutioiKSy 
the  nitric  acid  and  soda  unite,  to  form  soluble  nitrate  of 
soda,  while  the  muriatip  acid  and  oxid  acting  on  eadh 
other,  undergo  decomposition  ;  the  hydrogen  of  the  one. 
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9ad  oxigen  of  the  other,  form  water,  while  the  mercury 
and  chlorine  are  precipitated  in  the  form  of  chlorid. 

As  in  this  instance  proto-nitrate  is  used,  a  proto-chlo^ 
rid  must  be  precipitated,  because  the  muriatic  acid  and 
oxid  contain  an  atom  of  each  of  their  ingredients,  so 
that  the  atom  of  oxigen  must  take  an  atom  of  hydro* 
gen,  and  set  free  one  of  chlorine,  to  unite  with  the  mer- 
cury. In  conducting  the  process,  however,  it  is  very 
difficult  to  get  the  solution  completely  in  the  state  of 
proto-nitrate,  it  almost  always  contains  a  little  per-nitrate» 
consequently,  when  added  to  the  sea  salt,  per-muriate  of 
mercury,  or  corrosive  sublimate,  is  also  formed,  and 
which  remains  in  solution ;  and  hence  the  reason  why  the 
precipitate  requires  to  be  so  well  washed.  But  in  addi* 
don  to  this,  per-nitrate  of  mercury  is  decomposed  by 
water  alone,  a  yellowish  powder  being  thrown  down. 
If,  therefore,  the  solution  contain  any  per-nitrate,  the 
precipitated  oxid  is  mixed  with  the  calomel,  and  gives  it 
properties  different  from  those  of  that  prepared  by  sub- 
limation. When  the  latter  is  washed  with  lime  water,  it 
gives  a  black  oxid,  as  already  described,  but  when  the 
former  is  treated  in  the  same  way,  the  powder  is  brown- 
ish, owing  to  the  presence  of  the  substance  thrown  down 
from  the  per-nitrate,  with  which  the  proto-nitrate  waa 
mixed.  Hence  it  has  been  recommended  to  submit  it  to 
sublimation,  to  free  it  from  the  impurities,  and  after 
this  to  reduce  it  to  powder. 

It  has  been  ordered  by  some  to  wash  the  precipitate 
with  sea  salt,  with  the  view  of  removing  the  impurities ; 
but  this  is  dangerous,  because  calomel,  when  treated  with 
warm  solution  of  salt,  is  changed  to  per-muriate. 

Per-Nitrate, 

If,  instead  of  allowing  the  solution  of  the  metal  in  ni- 
tric acid  to  go  on  slowly,  it  be  promoted  by  the  applica- 
tion of  heat,  the  mercury  acquires  a  sufficient  quantity 
of  oxigen  to  form  it  into  peroxid,  so  that  per-nitrate 
is  produced.  The  properties  of  per-nitrate  are  nearly 
th«  same  oa  those  of  proto-nitrate.   The  solution  is  tuns- 
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parent  and  colourless,  and  on  evaporation  yields  crystalSf 
which,  when  subjected  to  heat,  give  off  their  acid,  and 
leave  pure  red  oxid,  but  not  having  the  shining  scalj  ap- 
pearance of  that  prepared  from  the  proto-nitrate. 

Solution  of  per-nitrate  is  decomposed  by  water,  but 
the  colour  of  the  precipitate  depends  on  the  temperature. 
With  cold  water  it  is  white  with  a  slight  tinge  of  yellow, 
but  at  a  boiling  heat  it  is  brownish.  According  to  Dono- 
van, (An.  of  Ph.  xiv.)  it  is  a  mixture  of  sub-prolo-ni- 
irate  and  sub-per-nitrate^  in  proportions  varying  accord- 
ing to  the  temperature.  According  to  Thomson,  the  pre- 
cipitate is  peroxid,  the  acid  being  removed  by  the  water. 

The  alkalies,  and  their  carbonates  and  phosphates, 
throw  down  precipitates  of  the  oxid,  carbonate,  and 
phosphate  from  the  per-nitrate.  The  alkaline  earths  also 
precipitate  the  oxid. 

Sulpfuite. 

The  action  between  mercury  and  sulphuric  acid  is  inte- 
resting, as  affording  a  means  of  procuring  sulphurous  acid, 
and  yielding  also  products,  by  the  decomposition  of  which 
several  important  compounds  can  be  obtained.  Sulphuric 
acid  does  not  act  on  mercury  at  a  natural  temperature,  but 
by  the  application  of  heat  part  of  the  acid  is  decompos- 
ed, the  mercury  acquiring  oxigen  from  it,  becoming  oxid^ 
and  uniting  with  the  remainder,  while  sulphurous  acid  is 
disengaged.  Hence  the  method  generally  followed  for 
procuring  the  acid  gas.  For  this  purpose,  equal  parts 
of  mercury  and  acid  are  put  into  a  retort,  and  heated, 
the  heat  being  such  as  just  to  keep  up  the  effervescence, 
because  when  too  high,  some  of  the  latter  is  driven  off 
in  vapour.  The  gas,  as  it  is  easily  absorbed  by  water, 
must  be  collected  over  mercury. 

When  the  action  has  ceased,  there  remains  in  the  retort 
a  white  crystalline  mass,  consisting  partly  of  proto-sul- 
phate,  and  partly  of  per-sulphate.  A  proto-sulphate 
may,  however,  be  obtained  by  heating  cautiously  the 
mixture  of  acid  and  metal,  or  by  diluting  the  mixture^  86 
as  to  make  the  action  go  on  slowly.     The  salt  is  sparing- 
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ly  soluble  in  water,  requiring  about  600  of  cold  and  S80 
of  boiling  water  for  solution. 

When  3  of  acid  are  boiled  on  2  of  metal,  the  common 
sulphate  is  formed,  but  by  the  continuance  of  the  heat, 
the  suf>erabundant  acid  is  decomposed,  and  gives  more 
ozigen  to.  convert  the  metal  into  peroxid,  and  produce  a 
per-sulphate. 

As  thus  procured,  it  is  a  white  saline  mass,  not  alter^ 
ed  by  exposure  to  air,  but  decomposed  by  water.  When 
thrown  into  it,  a  yellow  powder  is  precipitated,  supposed 
to  be  a  sub-sulphate,  and  hence  the  process  ordered  in 
the  Pharmacopoeia,  for  procuring  the  sub-sulphas  hydrar- 
giprifiavus^  or  what  is  commonly  called  turpeth  mineral. 
In  preparing  it,  the  sulphate  procured  by  the  process 
mentioned,  is  thrown  into  boiling  water,  and  the  yellow 
powder  instantly  appears. 

According  to  Donovan,  this  is  a  subsatt^  containing 
the  acid  in  union  with  both  oxids,  but  Thomson  and 
Fourcroy  state  that  it  is  a  neutral  per-sttlpkate,  consisting 
of  an  atom  of  acid  and  of  oxid.  They  consider  the 
salt  formed  by  the  solution  of  the  mercury  in  the 
acid,  as  a  bi-per-sulphate,  and  that  by  the  affusion  of 
water,  the  superabundant  atom  is  removed,  and  the 
neutral  sulphate,  containing  an  atom  of  acid  and  base, 
is  precipitated. 

Muriate. 

Muriatic  acid  docs  not  either  in  the  gaseous  or  liquid 
tomn  act  on  mercury.  It  has  been  already  mentioned, 
that  by  the  action  of  chlorine,  a  chlorid  may  be  formed, 
which,  when  thrown  into  water,  becomes  per-muriate. 
The  salt  is  not,  however,  prepared  in  that  way,  it  is 
always  procured  by  the  decomposition  of  the  sulphate  by 
sea  salt.  Hence  the  process  of  the  Edinburgh  Pharma- 
oopoeia.  For  this  purpose,  4  of  mercury  are  dissolved  by 
the  application  of  heat,  in  5  of  sulphuric  acid,  so  as  to  ob- 
tain a  per-sulphate,  which  when  dry  is  mixed  with  8  of 
dried  sea  salt,  and  sublimed  in  the  usual  way.  A  crys- 
talline mass  is  condensed  in  the  cool  part  of  the  appara- 
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tns,  which  is  per-muriate,  or,  adopting  strictly  the  views 
of  Davy,  per-chlorid.  In  the  latter  part  of  the  process^ 
in  which  the  salt,  (chlorid  of  sodium,)  is  heated  with  the 
per-sulphate,  the  oxigen  of  the  oxid  of  mercury  oxidizes 
the  sodium,  and  the  soda  thus  formed  unites  with  the 
sulphuric  acid.  The  chlorine  and  the  mercury  form  a 
chlorid,  which  rises  in  vapour. 

It  is  evident  that  this  substance  must  be  a  ii-chlorid, 
even  though  we  are  using  |7ro^o-chlorid  of  sodium,  be- 
cause the  two  atoms  of  oxigen  from  the  mercury  wiU 
unite  with  two  of  sodium,  and  set  free  two  of  chlorine,  to 
combine  with  one  of  mercury.  As  two  of  soda  are  pro* 
duced,  these  will  unite  with  the  two  of  acid,  in  the  bi-per- 
sulphate,  to  form  neutral  sulphate  of  soda. 

{2  acid 
1      id  J  ^  oxigen 
1 1  mercury 
2  chlorine 
2  sodium 
which  by  decomposition,  become 

1  I.'    1.1    'J    ^  C  2  chlorine 

1  bi-chlond  of  mercury  -=    <  - 

•^  ^1  mercury 

{2  acid 
2  soda  I  ^  ^^^^^ 
1  2  sodium 

Per-muriate,  or  rather  per-chlorid,  as  obtained  by  the 
process  described,  is  in  general  in  the  form  of  crystalliz- 
ed cakes,  requiring  20  of  cold  and  2  of  boiling  water  for 
solution.  When  subjected  to  heat  it  is  volatilized,  ai|d 
condensed  unchanged  in  its  properties.  It  has  a  very 
acrid  taste,  leaving  a  disagreeable  sensation  on  the  tongue. 
When  swallowed  it  proves  poisonous,  inducing  sickne89 
and  vomiting,  accompanied  with  violent  inflammation  of 
the  stomach  and  intestines. 

The  composition  of  this  substance,  considered  as  a 
chlorid,  has  been  already  given.  Of  course,  when  thrown 
into  water,  it  becomes  a  per-muriate,  and  with  excess  of 
acid,  for  the  2  atoms  of  chlorine  must  take  2  of  hydrpgoi 


2  chlorid  of  sodium  =  •! 
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|9  form  2  of  acid,  while  the  2  of  oxigen  will,  with  the 
mercury,  form  1  of  peroxid. 

In  solution,  therefore,  it  is  composed  of 

2  atoms  acid,  92.5 

1  atom  peroxid,   270. 

Muriate  of  mercury  is  decomposed  by  the  fixed  alka- 
lies and  alkaline  earths,  which  throw  down  a  reddish 
brown  precipitate,  but  ammonia  precipitates  it  white ; 
tbe  former  is  considered  an  oxid,  but  the  latter  is  a  triple 
muriate  of  mercury  and  ammonia.  It  is  the  hydrargyrum 
precipitatum  album  of  the  Pharmacopoeia.  An  economi- 
cal process  for  preparing  it,  is  to  add  ammonia  to  the 
fluid  from  which  the  precipitated  calomel  has  been  thrown 
'down,  and  which  always  contains  a  little  per-muriate  in 
sdkition.     (See  Nitrate,) 

Muriate  of  mercury  and  ammonia  is  decomposed  by 
heat,  niuriate  of  ammonia  is  driven  off,  and  the  oxid  is 
left  pure.  It  is  employed,  when  mixed  with  lard,  as  an 
ointment. 

Muriate  of  mercury  is  decomposed  also  by  some  of  the 
laetals.  The  action  with  mercury  itself  is  important,  as 
constituting  the  process  for  procuring  calomel.  For  this 
purpose  4  parts  of  the  salt  are  rubbed  with  3  of  mercury, 
till  the  whole  of  the  metal  disappears,  a  little  water 
being  added,  to  prevent  the  powder  from  rising,  and 
proving  injurious  to  the  operator.  The  product  is  then 
placed  into  an  appropriate  apparatus,  and  heated,  by 
wbich  a  substance  is  sublimed  and  condensed,  consisting 
of  three  distinct  layers,  the  uppermost  of  undecomposed 
muriate,  the  second  of  calomel,  the  lowermost  of  metal- 
lic mercury.  The  calomel  is  then  removed  from  the  im- 
purities, and  again  sublimed,  after  which  it  is  reduced 
to  fine  powder,  and  well  washed. 

In  this  process  the  mercury,  during  the  trituration, 
combines  with  the  excess  of  chlorine  in  the  bi-chlorid, 
and  the  whole  is  brought  to  the  state  of  proto-chlorid. 
The  other  steps  of  the  process  are  merely  to  make  the 
union  more  perfect,  and  to  separate  the  calomel  from  the 
impurilieiSy  consisting  of  undecomposed  bi-chlorid  and  of 
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mercury,  the  whole  of  it  not  having  been  acted  on  duting 
the  first  part  of  the  process. 

Corrosive  sublimate  is  used  in  medicine^  in  small  dozes, 
as  a  mercurial;  and  it  is  sometimes  employed  also  in  va- 
pour, applied  to  ulcers,  as  those  of  the  fauces.  It  is  used 
also,  in  solution,  as  a  wash.  It  is  useful  in  preserving 
anatomical  preparations,  and  in  preventing  ink  from  be- 
coming mouldy.  It  is  employed  for  refining  gold  and 
silver,  and  in  giving  a  coating  of  mercury  to  other 
metals.     It  is  very  efficacious  in  killing  bugs. 

Ferro-Cyanate. 

Ferro-cyanate  of  potass  does  not  occasion  any  precipi- 
tate from  the  salts  of  mercury.     When  Prussian  blue  is 
boiled  with  red   oxid,  a  hydro-cyanate  is  formed,  which' 
is  a  valuable  substance,  because,  by  its  decomposition, 
it  yields  cyanogen  and  hydro-cyanic  acid.     (See  Iron,) 

Fulminating  Mercury. 

A  compound  possessed  of  detonating  properties  was 
discovered  by  Mr  Howard,  when  making  experiments  on 
the  red  oxid,  to  which  alcohol  had  been  added.  The 
process  recommended  by  him  for  procuring  it  is  the  fol- 
lowing. Put  an  ounce  and  a  half  of  diluted  nitric  add 
into  a  flask,  and  apply  a  slight  heat.  Then  throw  in 
100  grains  of  mercury,  and  allow  the  action  to  go  on  till 
the  whole  of  it  is  dissolved  ;  after  which  put  in  two 
ounces  of  alcohol,  sp.  gr.  840,  and  again  apply  heat. 
Etherial  fumes  are  given  off,  and  a  powder  is  gradually 
deposited.  This  must  be  washed  immediately  with  dis- 
tilled water,  and  dried  by  exposure  to  air. 

Different  opinions  have  been  entertained  with  respect 
to  the  nature  of  this  substance  ;  Howard  supposing  it  a 
compound  of  oxid,  of  mercury,  nitrous  ether,  and  oxalic 
acid  ;  while  BerthoUet  asserted,  that  it  contained  the 
oxid,  with  ammonia  and  alcohol.  The  discovery 
of  cyanogen,  and  the  experiments  of  Gay  Lussac  and 
Leibig,  on  fulminating  compounds,  have  thrown  con- 
siderable light  on  the  composition  of  fulminating  me^ 
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CMiry.  They  have  found  that  it  is  a  compound  of  oxid 
vf  mercury,  in  combination  with  a  peculiar  acid,  to 
which  they  have  given  the  name  of  jfulminiCi  and  which 
Contains  cyanogen  and  oxigen,  probably  also  in  union 
'with  some  of  the  same  metal  that  exists  in  the  oxid, 
{▼ol.  i.  p.  826.)  If  so,  we  can  easily  account  for  the  for- 
mation of  this  peculiar  acid,  for  the  nitric  acid  employed 
in  the  solution  of  the  mercury  contains  nitrogen  and 
oxigen,  and  the  alcohol  carbon  as  one  of  its  ingredients. 

According  to  Leibig,  (An.  de  Ch.  et  de  Ph.  xxxiii.) 
the  mercury  is  in  the  state  of  protoxid  ;  for  on  mixing  it 
with  aqua  potassce,  a  black  powder  is  precipitated.  It  is 
decomposed  by  boiling  in  water,  during  which  metallic 
'mercury  is  deposited,  and  a  fulminate  with  peroxid  is 
formed,  and  crystallizes  when  the  fluid  cools. 

Fulminating  silver  explodes  by  friction  and  percussion, 
and  hence  the  necessity  of  being  cautious  during  its  pre- 
paration, particularly  in  the  drying  of  it.  It  ought,  of 
course,  to  be  put  up  in  small  packets  in  paper,  and  kept 
in  separate  boxes.  It  explodes  also  when  touched  with 
sulphuric  acid. 

It  has  not  yet  been  decomposed,  so  as  to  procure  from 
it  its  acid  ;  but  by  treating  it  with  other  bases,  or  with 
•cdution  of  alkali,  or  lime,  the  acid  is  transferred  to 
them,  and  salts  are  formed. 

Amalffams, 

Mercury  unites  with  most  of  the  metals,  and  forms 
substances  called  amalgams.  They  are  generally  brittle, 
and  if  the  mercury  is  in  large  quantity,  are  soft,  or  even 
fluid.  The  only  amalgam  of  any  use  in  the  arts,  con- 
taining a  metal,  the  properties  of  which  have  been  de- 
scribed, is  that  with  tin.  It  is  the  substance  employed 
for  silvering  the  backs  of  mirrors.  For  this  purpose,  a 
sheet  of  tinfoil  is  placed  on  a  smooth  table  of  freestone  or 
Kardwood,  and  a  little  mercury  rubbed  on  it  till  the 
whole  is  amalgamated,  after  which  the  plate  is  put  on, 
and  either  loaded  or  kept  down  by  a  screw,  and  by  keep- 
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ing  it  on  an  inclined  plane,  the  superfluous  mercury  is 
forced  out.  A  resplendent  coating  is  thus  given  to  tlie 
glass,  and  which  adheres  to  it  with  considerable  force. 

Some  of  the  metals  decompose  the  mercurial  salts. 
When,  for  instance,  a  plate  of  copper  is  immersed  in  the 
solution  of  the  muriate,  it  soon  acquires  a  coating  of  me- 
tallic mercury,  the  copper  taking  the  oxigen  from  the 
oxid,  and  uniting  with  its  acid.  Some  of  the  mercurial 
salts,  also,  are  decomposed  by  those  of  other  metals. 
When,  for  instance,  solution  of  proto-muriate  of  tin  is 
mixed  with  that  of  muriate  of  mercury,  the  former  be- 
comes per-muriate,  uniting  with  the  oxigen  and  acid  of 
the  latter,  and  metallic  mercury  is  deposited. 

Mercury  is  occasionally,  though  rarely,  found  in  its 
metallic  state.  It  occurs  chiefly  in  union  with  sulphur, 
in  the  red  sulphuret,  or  cinnabar,  from  which  it  is  al- 
ways obtained ;  the  process  for  smelting  the  ore  Tary- 
ing  in  difi*erent  places.  In  some  cinnabar  is  exposed  to 
heat,  by  which  the  sulphur  is  burned,  and  mercury  is 
procured.  For  this  purpose,  "a  long  horizontal  build- 
ing is  constructed,  divided  into  an  upper  and  under 
compartment  by  a  grating  of  iron,  on  which  is  placed 
the  ore,  broken  to  small  pieces,  and  covered  wi^  brii^ks 
made  of  the  ore  and  clay.  Wood  is  then  kindled  in  the 
lower  compartment,  so  that  the  moisture  of  the  ciniMU 
bar  is  expelled,  and  the  sulphur  inflamed,  after  which 
the  fire  is  extinguished,  the  heat  generated  by  the  com- 
bustion of  the  sulphur  being  sufiicient  to  drive  off  the 
mercury  in  vapour,  which  is  condensed  in  a  receiver 
attached  to  the  building.  The  method  practised  in  other 
places  for  procuring  mercury  is  diflferent.  The  fti€r 
part  of  the  ore  being  separated  from  the  coarser,  it  is  re- 
duced to  powder,  and  mixed  with  about  l-5th  of  its 
weight  of  slaked  lime,  and  put  into  iron  retorts,  each  of 
which  holds  about  half  a  hundred  weight.  From  40  to 
60  of  these  are  built  into  a  furnace,  and  heat  applied, 
by  which  the  mercury  is  given  off  in  vapour,  and  oofi- 
densed  in  receivers.     The  quantity  thus  obtained  is  very 
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MBall,  which  makes  the  process  an  expensive  one,  100 
Jbs.  of  ore  yielding  only  from  6  to  10  oz. 

The  principal  use  of  mercury  is,  amalgamating  it  with 
other  metals,  chiefly  gold  and  silver,  so  as  to  obtain 
-diem  pure.  (See  Gold.)  It  is  used  also  in  gilding  and 
idlvering,  and  in  making  mirrors. 


ANTIMONY. 

Thb  substance  commonly  called  antimony^  is  a  mineral 
of  a  dark  bluish  colour,  and  possessed  of  considerable 
lustre.  This  is  not,  however,  metallic  antimony  ;  it  is  a 
mlphuret,  and  from  which  the  metal  is  always  procured. 

Antimony,  in  its  metallic  slate,  is  of  a  whitish  colour, 
and  has  considerable  lustre.  It  is  hard,  but  brittle ; 
being  easily  reduced  to  powder,  pf  course  it  is  not  pos- 
lessed  of  malleability  or  ductility.  It  has  a  lamellated 
tacture,  and  often  assumes  a  crystalline  appearance.  Its 
i^.  gr.  according  to  Berzelius,  is  6860 ;  according  to 
^omson,  64^.  Its  atomic  weight  55.  When  heated 
fa  dose  vessels,  it  becomes  fluid  at  about  800 ;  and  if  aU 
lowed  to  cool  slowly,  crystallizes  in  double  four-sided 
iprjp-amids.  When  the  temperature  is  higher,  it  volati- 
fiies,  and  condenses  in  white  scales  on  the  cool  part  of 
Ae  apparatus. 

It  does  not  sufier  any  change  by  exposure  to  air. 
When  heated  in  contact  with  it,  it  is  gradually  convert- 
ed to  a  greyish  powder  ;  and  if  the  temperature  be  very 
lligfa,  it  burns  with  a  bright  flame,  uniting  with  the  oxi- 
gen,  and  forming  an  oxid  which  is  wafted  up  in  the  same 
way  as  that  of  zinc.  This  is  the  substance  long  known 
by  the  name  of  the  argentine  flowers  of  antimony, 

Oxids, 

Various  opinions  have  been  entertained  with  respect  to 
tlie  oxids  of  antimony.  According  to  Thenard,  there 
Ve  no  less  than  6 ;  according  to  Berzelius,  8 ;  while 
Proust  and  Bucholz  say  that  there  are  only  2.     Thorn- 
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SOD,  (First  Fr.)  has  shewn  that  three  substancesi  witk 
oxigen,  may  be  formed ;  but  only  two  of  which  are  pure 
compounds,  the  third  being  a  mixture  or  compound  of 
the  other  two,  but  always  in  fixed  proportions. 

ProtOiVid  of  antimony  is  most  easily  obtained  by  dis-* 
solving  the  sulphuret  in  muriatic  acid,  and  precipitating 
by  water,  (see  Muriate^)  by  which  a  white  powder  is 
formed,  which,  after  being  well  washed  with  weak  aqua 
potassae,  and  dried  by  a  slight  heat,  becomes  of  a  grey- 
ish colour.  It  may  be  obtained  also  by  the  addition  of 
ammonia  to  tartar  emetic,  (tartrate  of  antimony  and  po- 
tass,) washing  and  drying  the  precipitate.  When  heat- 
ed in  close  vessels,  it  is  fused ;  but  if  air  be  admitted, 
it  is  inflamed  and  volatilized. 

According  to  Berzelius  and  Dr  Davy,  it  is  composed 
of 

metal,         100     =     1  atom,         55 
oxigen,         18.6=     1  atom,         10 

This  is  the  only  oxid  known  to  enter  into  union  with 
acids,  and  form  salts ;  for  though  antimony  can  imite 
with  other  proportions  of  oxigen,  the  compounds  seem 
to  be  possessed  of  acid  properties.  It  has  been  proposed 
to  call  them  antimonuyus  and  antimonic  acids. 

Antimonums  Acid  may  be  prepared  by  exposing  ei- 
ther the  metal  or  protoxid  to  a  high  heat,  in  contact  with 
air,  by  which  it  is  inflamed,  and  the  argentive  flow- 
ers are  formed.  Or  if  the  compound  with  the  largest 
proportion  of  oxigen  is  heated,  it  gives  ofi^  part  of  its 
oxigen,  and  the  same  substance  is  produced. 

This  is  much  more  volatile  than  the  protoxid,  inso- 
luble, and  not  so  easily  acted  on  by  acids. 

According  to  Berzelius,  it  is  composed  of 
meta],     100  oxigen,     24.8; 

but  according  to  Thomson,  of 

metal,         100  1    atom,     or     2 

oxigen,         27.27        H  atom,  3. 

The  third  compound,  the  peroxide  or  antimonic  acid^ 
is  formed  by  dissolving  the  metal  in  nitric  acid,  evafb^ 
rating  the  solution  to  dryness,  and  exposing  the  residue 
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to  a  heat  of  500,  by  which  a  yellow  powder  is  left  This 
oompound,  according  to  Thomson,  contains  twice  as 
much  oxigen  as  the  protoxid.  It  is  composed,  therefore, 
of 

metal,         100  1  atom        B5 

oxigen,         S7.S         S  atoms       20 

When  exposed  to  a  high  heat,  it  gives  off  part  of  its 
oKigen,  and  becomes  antimonious  acid. 

The  compounds  of  antimony  and  oxigen  are  not  re- 
duced by  exposure  to  heat  alone,  they  require  the  pre- 
sence of  inflammable  matter,  as  charcoal. 

Antimony  does  not  act  on  water  at  a  natural  tempera- 
ture ;  but  when  steam  is  passed  over  it  previously  heat- 
edf  oxigen  is  absorbed,  and  hydrogen  disengaged. 

Stdphuref. 

The  only  compound  of  antimony  and  a  simple  acidi- 
fiabie  body  of  any  interest,  is  with  sulphur.  The  sul- 
jdiuret  may  be  formed  by  the  direct  union  of  its  ingre- 
dients ;  but  it  is  never  prepared  in  that  way  for  use, 
being  an  abundant  natural  production.  Native  sulphuret 
18  composed  of  a  congeries  of  spicular  crystals  grouped 
together,  of  a  bluish  colour,  and  metallic  lustre.  It  is 
not,  however,  a  pure  sulphuret;  it  contains  silica,  lime, 
and  iron,  the  last  in  considerable  quantity.  Hence  the  ne- 
cessity of  purifying  it  before  it  is  used  for  any  particular 
purpose.  This  is  done  by  melting  it  in  a  crucible,  in 
the  bottom  of  which  there  is  a  small  hole,  and  placed  in 
another  larger  one.  The  fused  sulphuret  passes  through, 
kaving  the  greater  part  of  the  stony  impurities  behind. 
In  this  state,  it  is  sold  under  the  names  of  antinumyf 
crude  antimony^  and  black  antimony. 

According  to  Thomson,  pure  sulphuret  is  composed  of 
metal,        100  1  atom,         55 

sulphur,       36.36       1  atom,         90 

Though  antimony  is  easily  procured  in  its  metallic 
state,  yet  the  sulphuret  is  always  employed  in  the  prepa- 
rilion  of  the  different  antimonial  compounds. 
.  When  sulphuret  of  antimony  is  exposed  to  heat*,  it  is 
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▼olatilized  and  condensed,  unchanged  in  its  properties ; 
but  if  air  be  present,  the  sulphur  passes  off  in  die  form 
of  sulphurous  acid,  and  the  antimony  is  oxidated ;  and 
if,  after  this,  the  heat  be  raised,  the  product  is  fused, 
and  on  cooling,  forms  a  brown  idtreous  substance,  corns, 
monly  called  ^>(UB  qfcmtimony.  It  is  merely  the  oxid 
fused,  but  still  retaining  the  impurities  of  the  sulphuret, 
as  lime,  siliceous  matter,  and  iron.  It  is  occasionally  em- 
ployed in  the  preparation  of  some  of  the  antimonial 
salts. 

Chloruret, 

Antimony  unites  very  easily  with  chlorine.  When 
thrown  in  powder  into  the  gas,  it  is  instantly  inflamed, 
and  produces  a  chloruret,  composed,  according  to  Dr 
Davy,  of 

metal,         55  1  atom 

chlorine,     45  1  atom. 

A  similar  chlorid  may  be  obtained  by  distilling  9,  of 
corrosive  sublimate  with  one  of  metallic  antimony ,^  by 
which  a  vapour  comes  off,  and,  when  condensed,  forms 
a  soft  solid,  hence  commonly  caUed  butter  qfaniimomf. 

Salts  of  Antimokt. 

The  action  between  antimony  and  the  acids  does  not 
present  any  thing  interesting.  By  solution  in  nitric  or 
sulphuric  acid,  nitrate  and  sulphate  may  be  formed ;  bot 
we  are  very  little  acquainted  with  their  prop^ties.  The 
salts  of  antimony  are  generally  procured  by  the  action  of 
the  acids  on  the  sulphuret. 

Muriaie. 

Muriatic  acid  acts  very  slowly  on  antimcmy ;  but  when 
the  sulphuret  is  used,  the  action  goes  on  quickly,  sul- 
phuretted hydrogen  gas  is  disengaged,  and  muriate  re- 
mains in  solution.  Hence  sulphuret  of  antimony  is 
frequently  employed  instead  of  that  of  iron,  in  the 
preparation  of  sulphuretted  hydn>gen,  using  6  of  acid, 
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and  1  of  sulphuret.  The  muriate  left  in  the  retort 
if  of  a  pale  yellowish  colour,  and  will  bear  dilution  with 
a  little  water ;  but  if  much  be  employed,  it  is  instantly 
decomposed,  and  a  white  powder  is  precipitated,  which, 
when  dried  and  boiled  in  weak  solution  of  potassa,  be- 
tomes  the  protoxid,  occasionally  used  in  the  prepara- 
ticm  of  some  of  the  antimonial  compounds,  because  it 
U  by  far  the  purest  oxid  that  can  be  obtained ;  those 
procured  by  other  processes,  containing  the  impurities  of 
the  sulphuret,  which,  though  dissolved  by  the  muriatic 
acid  in  preparing  the  muriate,  are  not  precipitated  when 
the  solution  is  thrown  into  water. 

The  alkalies  do  not  act  on  antimony.  The  sulphuret, 
liowever,  is  decomposed  by  them,  and  a  solution  is  form- 
ed, from  which,  on  cooling,  or  on  the  addition  of  an  acid, 
a  brown  powder  is  precipitated.  It  is  the  Stdphuretum 
Antimonii  Precipitatum  of  the  Edinburgh  Pharmacopoeia. 
For  preparing  it,  4  parts  of  aqua  potasse,  diluted  with  S 
cf  water,  are  boiled  on  2  of  prepared  sulphuret.  After 
the  ebullition,  having  allowed  the  insoluble  matter  to  fall 
io  the  bottom,  the  clear  part  is  poured  off,  and  diluted 
■ulf^uric  acid  added  as  long  as  there  is  any  precipita- 
tion. A  dark  brown  powder  is  formed,  which  is  not  a 
aulphuret,  as  the  name  given  in  the  Pharmacopoeia  would 
imply,  but  a  hydro^xdphuret ;  for  when  heated  it  gives 
off  water,  and  sulphuret  is  left.  It  must  contain,  there- 
fore, an  atom  of  acid  and  protoxid ;  for  the  water  must 
\m  formed  by  an  atom  of  each  of  its  ingredients,  while 
Ike  sulphuret  left  contains  also  an  atom  of  each  of  its 
constituents. 

The  formation  of  this  hydro-sulphuret  is  easily  account- 
ed for.  The  water  undergoing  decomposition  gives  hy- 
drogen to  the  sulphur,  and  oxigen  to  the  antimony,  while 
the  hydro-sulphuret  thus  formed  is  held  in  solution  by 
the  potassa.  Hence,  on  the  addition  of  an  acid,  the  al- 
kali is  neutralized,  and  the  hydro-sulphuret  deposited ; 
there  is  therefore  no  disengagement  of  sulphuretted  hy- 
drogen, unless  much  acid  is  employed,  by  which  the 
{inecipitated  hydro-sulphuret  is  itself  decomposed*     The 
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powder  thrown  down  by  the  addition  of  an  acid,  has  been 
long  known  by  the  name  of  Golden  Sulphur  of  Antimony. 

Iff  instead  of  adding  an  acid,  the  solution  be  allowed 
to  cool,  a  powder  of  a  similar  colour,  and  probably  of 
the  same  composition,  is  gradually  deposited,  the  potassa, 
when  cold,  not  being  able  to  keep  so  much  in  solution  as 
when  warm.  The  whole  of  the  hydro-sulphuret  is  not, 
however,  thrown  down,  for  on  the  addition  of  an  acid 
more  is  precipitated.  The  powder  deposited  on  cooling, 
is  generally  called  Kermes  Mineral. 

Antimony  and  its  sulphurets  decompose  some  of  the 
neutral  salts.  The  most  important  action  is  that  with 
nitrate  of  potassa.  When  antimony  and  nitre  are  defla- 
grated, the  oxid  in  the  highest  state  of  oxidation  is  form- 
ed ;  but  this  process  is  seldom  followed  for  preparing  it. 
When  the  sulphuret  is  deflagrated  with  nitre,  both  the 
sulphur  and  antimony  acquire  oxigen,  the  former  pro- 
ducing sulphurous  and  sulphuric  acid,  and  the  latter 
protoxid  of  antimony ;  the  sulphurous  acid  is  expelled, 
while  the  sulphuric  unites  with  the  potassa  to  form  a  suL 
phate,  which  is  left  mixed  with  the  oxid.  This  consti- 
tutes the  process  of  the  Edinburgh  Pharmacopoeia  for 
procuring  oxid  of  antimony,  which  is  used  in  the  prepa- 
ration of  tartar  emetic.  Equal  parts  of  nitre  and  sulphu- 
ret are  deflagrated  by  throwing  them,  in  small  successive 
portions,  into  a  red-hot  crucible. 

The  product,  commonly  called  Crocus  of  Antimomff  is 
then  reduced  to  powder  and  washed,  to  remove  the  sul- 
phate of  potass ;  what  remains  is  protoxid,  but  mixed 
with  the  impurities  of  the  sulphuret,  as  the  siliceous  mat- 
ter and  oxid  of  iron,  the  latter  of  which  gives  to  the  tar- 
tar emetic  prepared  from  it  a  brownish  tinge.  (See  Tar- 
taric  Add.) 

When  8  of  nitre  and  1  of  sulphuret  are  deflagrated, 
the  combustion  is  very  vivid,  the  flame  acquiring  a  bluish 
tinge,  and  hence  the  use  of  antimony  in  the  formation  of 
blue  signal-lights.  (See  Nitre.)  When  4  parts  of  salt 
are  employed,  the  antimony  is  brought  to  the  highest 
state  of  oxidation,  forming  antimonic  acid|  which  iaieft 
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united  with  potassa ;  so  that  the  product  is  an  oftfimo- 
niaUf  (An.  de  Ch.  at  de  Ph.  v.) 

Phosphate  of  Antimony  and  Lime. 

The  action  between  sulphuret  of  antimony  and  phos- 
phate of  lime,  as  it  exists  in  bone  and  horn,  is  important, 
ms  affording  a  valuable  medicine,  the  Oxidum  Antimonii 
cum  Phosphate  Caicis  of  the  Edinburgh  Pharmacopoeia, 
imd  which  is  supposed  to  be  the  same  as  the  well-known 
quack  medicine  James'^s  Powder, 

For  preparing  it,  equal  parts  of  powder  of  sulphuret 
imd  hartshorn  shavings  are  exposed  to  heat  in  an  iron 
ladle,  till  fumes  cease  to  be  given  off,  and  the  mixture 
becomes  of  an  ash-grey  colour.  This  is  to  be  reduced  to 
powder,  and  exposed  in  a  covered  crucible  to  a  strong 
heat  for  two  hours,  by  which  it  becomes  quite  white. 

The  horn  shavings,  besides  phosphate  of  lime,  contain 
'immal  matter,  which  by  the  heat  is  driven  off  in  the  form 
tf  carbonate  of  ammonia,  water  and  carburetted  hydro- 
gen, leaving  the  earthy  salt,  while  the  sulphuret  under- 
goes the  usual  change  by  heat,  becoming  an  oxid.  In 
Ae  latter  part  of  the  process,  the  oxid  and  phosphate 
are  made  to  enter  into  union,  and  form  a  triple  phosphate 
of  antimony  and  lime. 

This  substance  is,  when  properly  prepared,  one  of  the 
best  of  the  antimonial  preparations  ;  but  it  varies  in  its 
Composition  according  to  the  process  followed,  and  conse- 
quently is  not  uniform  in  its  effects.  According  to  Phil- 
lips, (An.  of  Ph.  N.  S.  iv.)  when  properly  manufactured, 
it  should  be  composed  of  phosphate  of  lime  and  protoxide 
whereas  it  frequently  contains  the  peroxid,  and  therefore 
differing  from  James's  Powder,  which,  from  the  analysis 
of  Pearson  and  of  Phillips,  is  composed  of 

phosphate  of  lime,  43 

protoxid  of  antimony,    57. 
.  He  has  found,  also,  that  instead  of  the  oxid  and  phos- 
phate being  in  combination,  they  are  frequently  merely 
flOfixed,  and  must  therefore  be  totally  inert  as  a  medicine. 
TMi  want  of  uniformity  in  the  effects  of  the  substance 
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prepared  by  the  process  described,  is  the  cause  of  Jameses 
Powder  being  preferred  by  most  practitioners. 

Alloys. 

Antimony  forms  alloys  with  a  number  of  the  metals, 
the  most  important  of  which  are  those  with  lead  and  tin. 

When  equal  parts  of  metallic  antimony  and  lead  are 
melted,  the  product,  when  cold,  is  porous  and  brittle; 
but  as  the  proportion  of  the  latter  is  increased,  the  brit- 
tleness  is  diminished.  When  1  of  antimony  and  about  4 
or  5  of  lead  are  fused,  they  form  type  metaiy  which  is 
harder  than  lead,  and  possesses  the  valuable  property  of 
expanding  during  its  congelation  ;  hence  it  takes  an  ex- 
cellent impression,  when  thrown  fluid  into  a  mould. 
Owing  to  this,  it  is  also  occasionally  used  for  taking  easts 
from  medals. 

Antimony  combines  also  with  tin,  and  forms  one  sort 
of  pewter.  The  name  of  pewter  is  given  to  any  white 
midleable  alloy,  containing  a  considerable  quantity  of 
tin ;  but  its  composition  varies  in  different  places.  The 
finest  kind  is  composed  of  about  100  parts  of  tin,  8  of 
antimony,  4  of  copper,  and  1  of  bismuth,  the  use  of  which 
is  to  render  the  tin  harder,  and  enable  it  to  retain  its 
lustre.  The  alloy  of  tin  and  antimony  forms  also  the 
metal  on  which  music  is  engraven. 

Antimony  is  found  native,  though  rarely  so.  Its  prin- 
cipal ore  is  the  sulphuret,  and  from  which  it  is  always 
procured.  It  is  first  purified  by  the  process  already  de- 
scribed, and  then  converted  to  oxid  by  exposure  to  heat 
and  air,  the  temperature  towards  the  end  of  the  process 
being  increased,  so  as  to  drive  off  the  whole  of  the  sul- 
phur. The  oxid  is  then  exposed  to  heat  with  charcoal, 
by  which  the  oxigen  is  abstracted,  and  the  metal  reduced, 
and  when  fluid,  falls  to  the  bottom  of  the  vessel. 

Antimony  is  used  chiefly  in  the  formation  of  types  and 
music  metal.  Its  oxid,  prepared  by  deflagrating  the  sul- 
phuret with  nitre,  is  employed  for  giving  a  yellow  colour 
to  earthen-ware ;  and  the  purer  oxid,  obtained  by  precipi^ 
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tation  from  the  muriate,  is  used  for  making  yellow  glass, 
and  hence  its  use  in  imitating  some  of  the  gems. 


MANGANESE. 

The  substance  commonly  called  manganesey  was,  till 
about  the  middle  of  the  last  century,  considered  an  ore 
of  iron,  and  was  by  mineralogists  placed  in  that  order. 

Scheele  and  Bergman  shewed,  however,  that  it  con- 
tained a  peculiar  metal,  and  which  was  afterwards  pro* 
cored  by  Gahn  in  its  separate  state,  who  gave  it  the  name 
of  manganese,  and  the  ore  from  which  it  was  obtained 
was  found  to  be  an  oxid. 

Manganese  is  of  a  whitish  colour,  resembling  that  of 
recently  broken  cast  iron,  having  a  granular  texture,  and 
considerable  lustre.  It  is  not  possessed  of  malleability 
aor  ductility.  When  pure  it  is  not  attracted  by  a  mag- 
aet,  but  a  very  minute  quantity  of  iron  gives  it  magnetic 
properties.     Its  sp.  gr.  is  8000.     Its  atomic  weight  85. 

When  heated  to  160  W.  it  is  fused.  By  exposure  to 
air  it  very  quickly  absorbs  oxigen,  and  becomes  an  oxid, 
acquiring  di£Ferent  colours,  according  to  the  quantity  ab> 
iorbed,  as  grey,  violet,  brown,  and  lastly  black. 

Oands. 

Very  different  opinions  have  been  entertained  with  re- 
spect to  the  nature  of  the  oxids  of  manganese.  Dr  John 
(An.  of  Ph.  ii.)  imagines  that  there  are  three,  a  greeny 
a  browfiy  and  a  blacky  the  composition  of  which  is, 

1  metal,     100         ^  oxigen,   15 

2  100         *  85 
8                100                           40. 

The  experiments  of  Berzelius,  (An.  de  Ch.  Ixxxvii.)  of 
Forchhammer,  (An.  of  Ph.  xvi.),  and  of  Thomson,  (First 
Pr.)  prove  satisfactorily,  that  there  are  at  least  five  com- 
pounds, three  oxids,  and  two  possessed  of  acid  proper- 
ties. 

Proiaxid  may  be  obtained  by  exposing  the  deuUndd 
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to  a  red  heat,  and  passing  hydrogen  gas  over  it^  by 
which  part  of  the  oxigen  is  extracted.  It  is  of  a  green 
colour,  but  it  very  soon  changes  by  exposure  to  air, 
absorbing  oxigen,  and  becoming  deutoxid.  According 
to  Thomson,  it  is  composed  of 

metal,         100  1  atom     85 

oxigen,         28.56      1  atom    10. 
Deutoxid  may  be  prepared  by  exposing  the  pure  black 
or  native  oxid  to  heat,  by  which  part  of  the  oxigen  is 
expelled,  and  a  brownish  powder  is  left     It  is  soluble 
in  muriatic  and  sulphuric  acids,  without  effervescence, 
and  forms  red  solutions.     Or  it  may  be  procured  by  ex- 
posing the  proto-carbonate  to  heat  and  air,  to  expel  the 
acid,  and  allow  the  absorption  of  oxigen. 
According  to  Thomson,  it  is  composed  of 
metal,        100        1    atom   or  2 
oxigen,         43.84    1^  atoms  or  S. 
Peroand  is  the  same  as  the  native  black  oxid,  except 
that  in  the  latter  there  are,  in  general,  impurities,  as  car- 
bonate of  lime,  oxids  of  iron,  copper,  and  lead,   and  fre- 
quently also  baryta.     Some  specimens,  however,  are  pure 
oxid ;  and  it  was  by  an  examination  of  them,  that  Dr 
Thomson  was  enabled  to  ascertain  its  composition.  Black 
oxid  may  also  be  obtained  by  digesting  the  deutoxid  in 
nitric  acid,  by  which  protoxid  is  dissolved,  and  peroxid 
left 

According  to  Thomson,  it  contains  double  the  quantity 
of  oxigen  that  exists  in  the  protoxid.  Its  composition  is 
therefore, 

metal,       100         1  atom   85 

"Oxigen,       57.12    2  atoms  20. 

Besides  these,  other  compounds  exist,  but  possessed  of 

acid  properties,  and  called  manganesious  and  manganesic 

add.     They  will  be  described  when  detailing  the  action 

of  nitre  on  the  black  oxid. 

The  only  oxid  of  any  interest  is  the  black  oxid,  which) 
being  a  native  production,  is  applied  to  many  useful 
j^orposes. 

When  exposed  to  heat  it  is  decomposed^  being  reduced 
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from  tritoxid  to  deutoxid,  and  oxigen  gas  ia  disengaged ; 
and  hence  the  method  by  which  this  elastic  fluid  is  ge- 
nerally prepared,  when  required  in  large  quantity.  For 
this  purpose  the  ore,  reduced  to  coarse  powder,  is  put 
into  an  iron  retort,  which  must  be  brought  to  a  red  heat 
by  placing  it  in  a  common  fire  or  furnace.  At  first  a 
little  watery  vapour  and  carbonic  acid  gas  come  ofi^,  after 
which  the  oxigen  makes  its  appearance,  and  which  is 
known  by  collecting  a  little  of  it  in  a  phial,  and  testing 
it  with  a  piece  of  wood  recently  extinguished.  When 
coming  off  sufficiently  pure,  the  mouth  of  the  retort  must 
be  connected  with  a  gas-holder,  and  the  heat  continued 
till  it  ceases  to  be  disengaged. 

The  quantity  of  oxigen  obtained  from  the  ore  by  this 
process  depends  on  its  purity.  The  utmost  that  can  be 
got,  supposing  the  oxid  pure,  is  about  12  per  cent,  or 
l-8th  of  its  weight,  but  making  allowance  for  impurities, 
we  are  not  to  expect  even  from  good  specimens  more  than 
10  per  cent. ;  so  that  a  pound  may  yield  about  a  cubic 
loot. 

Manganese  does  not  present  any  thing  interesting  in 
its  action  with  simple  acidifiable  bodies. 

Salts  of  Manganese. 

It  unites  with  the  acids,  and  forms  some  important 
compounds;  but  we  are  little  acquainted  with  the  action 
between  metallic  manganese  and  the  acids,  the  black 
oxid  being  always  employed  in  the  preparation  of  its 
salts,  and  which  in  general  contain  the  protoxid;  so  that 
the  native  oxid  must,  during  the  action,  undergo  decom- 
position. 

Nitrate, 

Nitric  acid  acts  very  slowly  on  the  black  oxid,  but  if 
miroits  be  used,  it  acquires  oxigen  from  it,  reduced  it 
to  the  state  of  protoxid,  and  then  combines  with  it. 
The  same  will  happen  if  nitric  acid  be  employed  and  ex^f 
posed  to  the  sun'^s  rays,  by  which  it  is  changed  to  mtVOUSy 
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and  then  acts  as  already  described;  or  if  any  sub- 
stance, as  sugar,  that  will  de-oxidize  the  oxid,  be  mixed 
with  the  acid,  a  nitrate  will  be  obtained.  The  solution 
is  colourless,  and  by  cautious  evaporation,  affords  crys- 
tals composed  of  1  atom  of  acid,  1  of  protoxid,  and  7  of 
water. 

Carbonate. 

This  salt  is  always  prepared  by  the  addition  of  an  aL 
kaline  carbonate  to  a  solution  of  the  nitrate,  muriate,  or 
sulphate,  by  which  a  white  powder  is  deposited.  When 
kept  at  a  red  heat  for  a  long  time  exposed  to  air,  the  acid 
is  expelled,  and  oxigen  absorbed ;  by  which  it  becomes 
a  deutoxid.  Its  constituents,  according  to  Thomson,  are 
1  atom  of  acid,  1  of  oxid,  and  S  of  water. 

Sulphate. 

Concentrated  sulphuric  acid  at  a  natural  temperature 
scarcely  acts  on  metallic  manganese,  but  when  diluted,  a 
sulphate  is  formed,  the  metal  being  oxidated  by  the 
water.  A  similar  salt  is  produced  by  the  action  of  the 
acid  on  the  protoxid  or  carbonate.  Even  when  the  deut- 
oxid is  employed,  the  protoxid  of  it  is  dissolved,  and  the 
peroxid  is  left. 

Proto-sulphate  of  manganese  is  of  a  pale  reddish  colour, 
and  crystallizes  in  oblique  prisms.  It  is  soluble  in  about 
S^  of  cold  water,  giving  a  pale  red  solution,  which  is 
easily  decomposed  by  the  alkalies,  alkaline  carbonates, 
and  phosphates,  and  hence  a  method  of  preparing  some 
of  the  insoluble  salts. 

It  is  composed,  according  to  Thomson,  of 

acid,  33  =  1  atom 
oxid,  SO  =  1  atom 
water,    87  =  6  atoms. 

By  far  the  most  important  action  of  sulphuric  acid  is 
with  the  native  black  oxid.  When  the  concentrated  acid 
is  poured  on  it,  there  is  no  action,  provided  the  oxid  is 
pure ;  but  there  is  frequently  a  disengagement  of  carbo- 
nic acid,  owing  to  its  containing  carbonate  of  lime.     On 
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die  applieation  of  heat,  oxigen  gas  is  evolved,  and  sul- 
phate is  formed.  Hence  the  method  generally  practised 
for  procuring  oxigen  gas  on  a  small  scale,  and  when  not 
required  very  pure.  For  this  purpose  equal  weights  of 
the  acid  and  powder  are  put  into  a  retort,  and  thoroughly 
mixed,  to  prevent  the  oxid  from  running  into  hard  lumps. 
Heat  is  then  applied  by  means  of  a  lamp,  or  chau£Per,  and 
the  gas  collected  over  water.  As  carbonic  acid  is  apt  to 
be  given  off  in  this  case,  it  is  necessary  to  test  the  gas 
before  beginning  to  collect  it  in  the  jars,  and  which  is 
done  in  the  usual  way,  by  putting  into  a  small  phial  of 
it  a  piece  of  wood,  the  flame  of  which  has  just  been  ex- 
tinguished. 

In  this  experiment  the  oxid  is  decomposed,  and  con- 
verted, by  the  expulsion  of  part  of  the  oxigen  gas,  into 
deutoxid,  which,  uniting  with  the  acid,  forms  a  sulphate; 
80  that  the  same  quantity  of  oxigen  is  given  ofi*  by  this 
process,  as  by  the  decomposition  by  heat.  The  product 
yields  a  solution  of  a  deep  red  colour. 

Muriate. 

Muriatic  acid  dissolves  manganese,  with  the  disengage- 
ment of  hydrogen  gas ;  but  the  muriate  is  seldom  pre- 
pared in  that  way,  being  easily  obtained  by  the  action 
of  the  acid  on  the  native  oxid,  in  which  case  chlorine  gas 
is  disengaged,  and  hence  the  method  commonly  prac- 
tised in  preparing  it.  For  this  purpose  1  part  of  the 
powder  of  the  oxid,  with  4  of  acid,  are  put  into  a  retort, 
and  a  slight  heat  applied.  The  gas  very  soon  comes  ofl^, 
and  may  be  collected  over  water  ;  but,  as  it  is  absorbed 
when  the  temperature  is  low,  it  is  necessary  to  have  the 
fluid  in  the  trough  heated  to  about  60  or  70.  Unless 
required  for  immediate  use,  it  ought  to  be  collected  in 
wide-mouthed  bottles,  the  stoppers  of  which  being  introu 
duced  before  removing  them  from  the  trough,  are  after- 
wards to  be  secured  by  wax  luting,  and  in  this  way  the 
gas  may  be  kept  for  any  time.  During  the  action  of  the 
acid  on  the  oxid,  both  undergo  decomposition ;  the  hy. 
drogen  of  part  of  the  latter  unites  with  the  excess  of  oxi. 
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gen  of  the  former,  to  generate  water^  while  the  chlorinei 
the  other  ingredient  of  the  acid,  is  set  free.  The  re- 
mainder of  the  acid  unites  with  the  protoxid,  and  forms 
proto>muriate  *.  The  residue  in  the  retort,  when  filter- 
ed, yields  a  brownish  solution,  which  may  be  made, 
though  with  difficulty,  to  crystallize.  Like  the  other 
salts,  it  is  decomposed  by  the  alkaline  carbonates,  phos- 
phates, &c.     It  is  composed  of 

acid,      34  =  1  atom 

oxid,      83  =  1  atom 

water,  33  =  4  atoms. 
When  chlorine  is  prepared  on  a  large  scale,  as  in  the 
manufacture  of  the  bleaching  compound,  instead  of  oxid 
and  muriatic  acid,  a  mixture  of  equal  parts  of  oxid,  sul- 
phuric acid,  and  sea  salt  is  employed,  by  which  the  pre-^ 
paration  of  the  muriatic  acid  is  avoided,  because  the  oil 
of  vitriol  sets  it  free  from  the  sea  salt,  which,  acting  on 
the  oxid,  gives  off  its  chlorine  just  as  when  muriatic 
acid  alone  is  used. 

Acids  of  Manganese. 

The  alkalies  do  not  act  with  metallic  manganese ;  but 
the  action  with  the  black  oxid  is  peculiar.  When  1  of 
oxid  is  heated  with  about  5  of  caustic  potassa,  a  dark  green- 
coloured  substance  is  formed,  discovered  by  Scheele^ 
and  to  which  he  gave  the  name  of  Mineral  ChameUoi^ 
from  the  change  of  colours  it  assumes  when  acted  on  by 
air  and  water.  When  a  little  water  is  thrown  on  it,  it 
forms  a  deep  green  solution,  a  little  more  makes  it  blue^ 
and  by  continuing  the  addition,  it  becomes  purple,  and 
lastly  red.  At  first  there  is  a  precipitation  of  a  yellow- 
ish powder,  and  after  the  fluid  has  become  red,  black 
oxid  gradually  makes  its  appearance,  and  the  colour  dis- 
appears. Mineral  chameleon  gives  different  coloured 
solutions   also,     according   to   the   temperature   of  the 


*  According  to  the  old  doctrine,   the  oxigen  disengaged  from  the 
uniting  with  part  of  the  add,  converts  it  to  ovMnuno^  octc^  wliile  ibm 
proUMnuriate  remains  in  the  retort. 
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Water.  When  hot  water  is  poured  on  it,  the  colour  is 
greeUy  but  with  cold  water  it  is  red.  If,  along  with  the 
water,  any  substance  be  added,  which  has  a  powerful 
affinity  for  oxigen,  as  sulphuretted  hydro- sulphuret  of 
.potass,  the  compound  loses  the  property  of  changing  its 
colour. 

Though  mineral  chameleon  can  be  prepared  by  the  ac- 
tion of  potass,  other  means  have  been  pointed  out.  That 
usually  followed  is  with  nitre.  For  this  purpose,  a  mix- 
ture of  3  of  nitre  and  1  of  oxid  is  thrown  into  a  red  hot 
crucible,  and  kept  for  some  time  in  a  state  of  fusion. 
The  product  when  cold  is  removed,  and  put  into  well- 
stoppered  phials. 

It  was  at  one  time  supposed  that  this  peculiar  substance 
was  a  compound  of  the  alkali  and  oxid,  and  that  the 
changes  were  owing  to  the  absorption  of  oxigen  ;  but  it 
ia  now  known,  that  during  its  preparation  the  oxid  ac- 
quires more  oxigen,  passes  into  the  state  of  an  acid, 
and  then  unites  with  the  potass.  Chevillot  and  Edwards, 
(An.  de  Ch.  et  Ph.  viii.)  by  the  evaporation  of  the  red 
solution,  procured  red-coloured  crystals,  possessed  of  re- 
markable properties.  They  are  soluble  in  water ;  have 
a  sweetish  taste.  When  heated  in  contact  with  hydro- 
gen, they  cause  it  to  inflame.  They  act  also  on  phos- 
phorus, carbon,  and  sulphur,  nearly  in  the  same  way  as 
dilorate  of  potass,  causing  explosion.  It  has  been  as- 
certained by  the  experiments  of  the  above-mentioned 
chemists,  confirmed  sJso  by  those  of  Forchhammer,  (An. 
of  Ph.  xvi.)  that  these  crystals  contain  potassa  in  union 
with  an  acid,  composed  of  manganese  and  oxigen,  but 
with  the  latter  in  larger  quantity  than  exists  in  the  black 
oxid ;  so  that  in  the  preparation  of  the  mineral  chame- 
leon, the  oxid  mus  thave  acquired  oxigen  from  the  nitre, 
while  the  acid  thus  formed  has  entered  into  union  with 
the  potassa.  According  to  Forchhammer,  there  are  two 
acids  of  manganese,  a  manganesiouSy  and  a  manganesic 
add  ;  the  latter  having  the  largest  proportion  of  oxigen. 
The  green-coloured  compound  formed  by  the  action  of 
■itre  on  the  oxid,  contains  the  alkali  in  union  with  the 
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former,  and  is  therefore  a  manganerite  of  potassa ;  while 
the  red  crystals  are  manganesiate.  If  this  is  really  the 
case,  the  change  of  colour  of  the  mineral  chameleon  is 
owing  to  the  absorption  of  oxigen,  for  the  solution  which 
is  at  first  manganesite  gradually  becomes  manganeaiate, 
from  the  acquisition  of  oxigen  from  the  atmosphere. 

Forchhammer  has  endeavoured  to  ascertain  the  compo- 
sition of  these  acids,  but  the  conclusions  deduced  from  his 
experiments  must  be  received  with  caution.  He  sup- 
poses the  former  to  contain  1  atom  of  manganese  and  S 
of  oxigen,  and  the  latter  1  to  4. 

Ammonia  acts  also  on  the  black  oxid,  but  the  action 
is  very  diflTerent  from  that  of  the  fixed  alkalies.  When 
the  gas  is  passed  slowly  over  the  oxid  at  a  high  tempe- 
rature, nitrous  acid  is  generated.  For  performing  this 
experiment,  an  earthen  tube»  stuffed  with  pieces  of  oxid, 
is  made  incandescent,  by  passing  it  through  a  chauf- 
fer. In  the  retort  is  placed  a  mixture  of  muriate  of  am- 
monia and  lime,  and  when  the  oxid  is  properly  heated, 
heat  is  applied  to  the  retort,  to  expel  the  ammonia.  A 
receiver  is  placed  on  the  opposite  end  of  the  tube,  and 
which  soon  becomes  full  of  the  red  fumes  of  nitrous  acid. 

The  explanation  of  this  action,  which,  when  discover- 
ed, appeared  so  remarkable,  is  very  simple :  the  oxig^i 
from  the  oxid,  expelled  by  the  heat,  decomposes  the  ant- 
monia,  part  uniting  with  the  hydrogen  to  form  water, 
and  part  with  the  nitrogen  to  generate  nitric  oxid,  which, 
with  the  oxigen  of  the  atmosphere,  produces  nitrous  add. 

If  the  gas  be  passed  quickly  over  the  oxid,  nitrate  of 
ammonia  is  the  result. 

Some  of  the  compound  salts  act  with  the  black  oxid. 
The  action  with  nitre  has  been  already  explained.  That 
with  borax,  or  phosphate  of  soda,  is  also  peculiar.  When 
either  of  these  is  melted  along  with  the  oxid,  by  a 
blow-pipe,  it  acquires  a  reddish  tinge  when  held  at  the 
extremity  of  the  flame,  but  when  brought  to  the  point  of 
the  blue  flame,  the  colour  disappears ;  changes  which  may 
be  effected  any  number  of  times,  and  seem  to  depend  on 
the  oxidation  of  the  manganese,  probably  the  formatioii 
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of  itfl  acids.  Hence  this  has  been  proposed  as  a  test  of 
the  presence  of  this  metal  in  ores. 

When  oxid  of  manganese  is  fused  with  glass,  it  makes 
it  of  a  purple  colour,  and  hence  its  use  in  imitating  some 
of  the  gems. 

The  alloys  of  manganese  have  been  but  very  little  ex- 
amined. 

The  principal  source  of  manganese  is  the  black  oxid, 
from  which  it  is  always  procured.  The  process  for  ob- 
taining it  is  complicated,  because  the  native  oxid  contains 
in  general  so  many  foreign  ingredients ;  perhaps  the  best  is 
that  recommended  by  Faraday,  (Lond.  Journ.  vi.)  When 
die  oxid  is  heated  with  muriate  of  ammonia,  chlorine  is  dis- 
engaged,  which,  acting  on  the  manganese,  forms  with  it  a 
dilorid,  so  that,  by  putting  this  into  water,  muriate  is  ob- 
tained, which,  on  the  addition  of  an  alkaline  carbonate, 
yields  carbonate  of  manganese.  After  this  has  been 
iMated  to  expel  the  acid,  it  is  mixed  with  oil,  and  again 
heated,  by  which  the  oxigen  is  withdrawn,  and  the  metal 
is  left  pure. 

Metallic  manganese  is,  however,  seldom  employed,  the 
oxid,  by  its  decomposition,  affording  the  different  com- 
pounds. The  oxid  is  employed  abundantly  by  chemists, 
and  in  the  arts.  Its  use  in  the  preparation  of  oxigen  and 
chlorine,  have  just  been  noticed.  When  describing  the 
manufacture  of  earthen-ware  and  glass,  its  use  in  commu- 
nicating to  the  former  a  brown  colour,  and  in  rendering 
the  latter  colourless,  have  been  explained,  (vol.  i.  p.  507.) 

GOLD. 

Gold  has  been  long  known.  Its  scarcity,  and  its  su- 
perior metallic  properties,  render  it  the  most  valuable  of 
the  metals.  When  pure,  it  is  of  a  reddish  yellow  colour, 
with  considerable  lustre,  which  is  not  liable  to  be  altered 
by  exposure  to  air.  Its  sp.  gr.  is  1930.  Its  atomic 
weight,  according  to  Thomson,  is  250.  It  is  soft,  but  is 
far  superior  in  malleability  and  ductility  to  the  other 
metals.     One  grain  can  be  beat  to  leaves  of  about 
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l-%0,000th  of  an  inch  in  thickness,  and  will  cover  S6 
square  inches.  By  putting  gold  on  silver,  and  drawing 
it  to  wire,  it  may  be  still  farther  extended,  for  the  whole 
of  the  silver  still  retains  a  coating  of  gold,  which  is  only 
1-1  Sth  part  of  the  thickness  of  the  leaf.  One  grain,  it  is 
said,  may  be  in  this  way  drawn  out  to  about  S  miles  and 
S-4ths  in  length. 

The  ductility  of  gold  is  also  very  great,  being  easily 
drawn  to  wire  finer  than  that  of  any  other  metal.  Its  te- 
nacity is  also  considerable,  a  wire  of  about  the  1-lStb  of 
an  inch  in  thickness  bearing  a  weight  of  1£0  lb.  without 
breaking. 

Gold  melts  at  32  W.  (5237  F.)  and  during  its  fusion 
it  enlarges,  consequently  it  shrinks  when  it  congeals.  In 
its  liquid  state,  it  is  of  a  bright  green  colour. 

It  is  one  of  the  metals  that  are  not  affected  by  heat 
and  air.  When  subjected  to  a  high  temperature,  in  con- 
tact with  it,  it  does  not  suffer  any  change ;  but  it  can  be 
oxidated  by  electricity,  by  which  an  oxid  of  a  purple  co- 
lour is  formed. 

Ootids. 

It  unites  with  two  proportions  of  oxigen.  The  protoxid 
is  of  a  greenish  colour,  and  the  peroxid  is  purple.  The 
former  may  be  obtained  by  dissolving  the  metal  in  aqua 
regia,  evaporating  the  solution  to  dryness,  and  treadng 
the  residue  with  potassa,  by  which  a  green  powder  is  pr^ 
oipitated.  When  this  is  kept  for  some  time,  it  is  decom- 
posed, part  of  it  takes  oxigen  from  the  other,^  the  formor 
becoming  peroxid,  and  the  latter  metallic  gold,  and  hraee 
a  method  of  preparing  peroaid.  The  peroxid  may  also 
be  procured  by  the  addition  of  potassa  or  magnesia  to 
the  mv^^iate,  and  washiqg  the  precipitate  with  water  and 
nitric  a^id,  , to  remove  impurities.  It  is  of  a  purple, o^ 
loan...  By  the  application  of  a  strong  heat,  the  whole ef 
the  Qxigen  is  driven  off,  and  the  metal  is  left  pure.    ^, 

Different  statements  have  been  given  of  the.  compoai* 
tion  of  the  oxids.  According  to  Berzelius,  the.protoxid 
consists  of  .  > 


metal,         100 

1  atom, 

S50 

oxigen,           4 
and  the  peroxid,  of 

metal,         100 

1  atom, 
1  atom. 

10 
250 

oxigen,         12 

8  atoms, 
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Chlorid. 

The  only  action  of  any  importance  between  gold  and 
flimple  acidifiable  bodies,  is  with  chlorine.  1/Vhen  gold 
leaf  is  introduced  into  the  gas,  it  is  instantly  inflamed, 
and  a  chlorid  formed.  If  the  leaf  be  put  into  a  solution 
of  chlorine  in  water,  or  if  a  stream  of  gas  be  passed 
through  water,  holding  the  leaf  suspended  in  it,  it  is  dis- 
•idyed,  first  becoming  chlorid,  and  then  probably  mu- 
riate. 

MuricUe. 

GiAd  difibrs  from  the  other  metals  already  described, 
in  resisting  the  action  of  acids ;  even  nitric,  which  acts 
ao  powerfully  on  them,  has  no  efiect  on  it.  The 
substance  which  dissolves  it  most  easily,  is  aqua  regia, 
or  nitro-muriatic  acid,  the  solvent  power  of  which,  though 
it  was  at  one  time  supposed  to  depend  on  the  oxidizing 
agency  of  nitric  acid,  is  now  known  to  be  owing  to  the 
pt^eaence  of  chlorine,  and  by  which  a  chlorid,  and  ulti- 
itetely  a  muriate,  is  formed,  the  former  being  decompos- 
ed by  the  water  existing  in  the  acid  fluid. 

The  want  of  action  between  the  acids  and  gold,  and 
the  power  of  aqua  regia  to  dissolve  it,  are  well  illustrat- 
4A  by  putting  some  gold  leaf  into  nitric  and  into  muria- 
tic acid,  in  separate  flasks,  and  i^terwards  mixing  the 
fluids  with  the  metal  in  them.  In  the  first  instance, 
there  is  no  action  whatever ;  but  in  the  latter,  the  leaf 
almost  instantly  disappears.  When  gold  is  kept  for 
some  time  in  aqua  regia,  (2  muriatic  and  1  nitric  acid,) 
slightly  heated,  it  is  gradually  dissolved,  afibrding  a  so- 
lution of  the  muriate,  of  a  yellowish  colour,  and  from 
which  any  excess  of  acid  can  be  expelled  by  boiling.  By 
evaporation,  yellowish  crystals  of  chlorid  of  gold  are  de- 
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posited.  When  these  are  slightly  heated^  they  undergo 
decomposition,  part  of  the  chlorine  being  eyolyed,  and 
another  chlorid  formed.    The  last  of  these  is  compose^  of 

gold,        -        100 

chlorine,  14.715 

and  the  latter,  supposed  to  contain 

gold,        .         100 

chlorine,      -       44.145 ; 
90  that  the  one  probably  contains  an  atom  of  each,  and 
the  other  1  atom  of  metal  to  3  of  chlorine. 

When  the  chlorid  is  strongly  heated,  the  whole  <^  the 
chlorine  is  evolved,  and  metallic  gold  is  left. 

Water  dissolves  the  perchlorid,  but  decomposes  the 
proto-chlorid,  causing  the  chlorine  to  pass  from  one  part 
to  the  other,  by  which  metallic  gold  and  perchlorid  are 
formed. 

Muriate  of  gold  is  decomposed  by  some  of  the  simple 
acidifiable  bodies,  provided  moisture  is  present.  Thus, 
when  a  piece  of  cloth,  soaked  in  the  solution,  is  exposed 
to  hydrogen  gas,  it  becomes  covered  with  a  thin  film  of 
gold,  and  hence  a  means  of  gilding  cloth,  either  entirely 
or  partially ;  for  if  traces  be  drawn  on  it  with  m  hair 
pencil,  and  exposed  to  a  stream  of  hydrogen,  the  gold  is 
deposited  only  on  those  parts  covered  with  the  solution. 
The  muriate  is  decomposed  also  by  carbon  and  phospho* 
rus,  which,  when  immersed  in  it,  cause  the  deposition  of 
metallic  gold,  (Fulhamme  on  Combustion.) 

The  fixed  alkalies  decompose  the  muriate,  throwing 
down  a  yellowish  red  precipitate,  which  is  almost  entire- 
ly re-dissolved  if  an  excess  be  employed.  The  solution 
is  of  a  greenish  colour,  and  contains  the  alkali  in  union 
with  the  oxid,  but  supposed  here  to  act  the  part  of  an 
add ;  and  hence  it  has  been  proposed  to  call  it  auric  acid, 
and  the  compound  in  solution  aunUe  of  potassa. 

Ftdminating  Gold. 

The  action  between  the  muriate  and  ammonia,  is  inte- 
resting, as  afibrding  a  means  of  preparing  a  fulminating 
compound.     To  obtain  it,  add  aqua  ammonias  to  a  cBIute 
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solution  of  the  muriate,  as  long  as  it  occasions  precipita- 
tion. Collect  the  powder  on  a  filter,  wash  it,  and  dry  by 
exposure  to  air.  Fulminating  gold  is  of  a  reddish  yel- 
low colour.  It  detonates  with  considerable  violence  by 
friction  and  percussion,  and  also  by  the  application  of  a 
beat  of  about  250.  Hence  the  necessity  of  using  but  a 
very  small  quantity  of  it,  a  grain  being  quite  sufficient. 
Of  course,  in  keeping  it,  it  ought  to  be  put  into  bottles 
with  corks.  When  detonated  so  as  to  collect  the  pro- 
dtfcts,  they  are  water,  nitrogen,  and  metallic  gold. 

The  composition  of  this  substance  has  not  been  ascer- 
tained, but  it  is  supposed  to  be  a  compound  of  ammonia 
and  the  oxid  ;  hence,  when  decomposed,  the  hydrogen  of 
the  latter  will  unite  with  the  oxigen  of  the  former,  to 
generate  the  water,  disengaging  nitrogen  and  gold  in  its 
metallic  state. 

Muriate  of  Gold  and  Soda. 

Muriate  of  gold  is  acted  on  by  some  of  the  neutral  salts. 
When  a  muriate,  as  that  of  soda,  is  added,  and  the  solu- 
tion is  cautiously  evapq^ated,  it  yields  prismatic  crystals 
of  an  orange  colour,  and  which  have  been  found  by  Dr 
Thomson  to  contain  perchlorid  of  gold,  chlorid  of  so- 
dium, and  water ;  or  they  may  perhaps,  with  more  pro- 
priety, be  considered  a  compound  of  muriate  of  gold  and 
of  soda  with  water  o£  crystallization.  The  composition, 
according  to  him,  is 

bi-chlorid  of  gold     1  atom 

chlorid  of  sodium     1  atom 

water  8  atoms 

or  muriate  of  gold  1  atom  =  I  ?  .  i 

1  acid 
soda 

water  5  atoms 

the  three  atoms  of  hydrogen,  from  the  3  of  water,  hav- 
ing with  the  chlorine  formed  3  of  acid  ;  while  the  8  of 
osigen  have  produced  1  of  peroxid  of  gold,  and  1  of  sHoda. 


muriate  of  soda  1  atom  ==  -!  . 


I 

i 
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Muriate  of  gold  is  decomposed  by  some  of  the  metals 
and  their  salts.  Those  which  have  a  strong  attrac- 
tion for  oxigen,  decompose  its  oxid,  and  unite  with 
its  acid.  Hence  iron,  zinc,  copper,  and  .  mercury,  put 
into  the  solution,  cause  the  deposition  of  metallic  gcdd. 
Other  metals,  on  the  contrary,  cause  the  deposition  of  the 
gold,  mixed  with  the  oxid  of  the  precipitating  metaL 
When,  for  instance,  pieces  of  tin  leaf  are  kept  in  the  so- 
lution for  some  time,  a  purple  powder  is  gradually  form- 
ed, long  known  by  the  name  of  the  purple  powder  rf 
Cassius, 

Many  of  the  metallic  salts  also  decompose  muriate 
of  gold,  particularly  those  containing  protoxids,  the 
metal  of  which  has  a  strong  attraction  for  oxigen.  Green 
vitriol,  for  instance,  throws  down  the  gold  ip  its  inetallic 
state,  the  iron  depriving  the  oxid  of  its  oxigen,  and  be- 
coming a  peroxid,  so  that  per-sulphate  remains  in  solu- 
tion. 

The  action  with  proto-muriate  of  tin  is  also  impor- 
tant. When  added  to  the  muriate,  the  purple  powder  of 
Cassius  is  formed.  For  preparing  it,  tin  is  dissolved  in 
a  mixture  of  2  parts  of  nitric,  and  1  of  muriatic  add, 
without  the  application  of  heat,  so  as  to  have  it  in  the 
state  of  proto-salt,  after  which  it  is  mixed  with  the  solu- 
tion of  the  muriate,  by  which  the  purple  powder  is  depo- 
sited. It  is  then  to  be  thrown  on  a  filter  and  washed. 
It  may  be  prepared,  also,  and  perhaps  purer,  merely  by 
keeping  some  pieces  of  tinfoil,  or  of  grain  tin,  in  the  80> 
lution  of  gold,  and  the  powder  is  gradually  formed. 

Different  opinions  have  been  entertained  with  respect  to 
the  nature  of  this  substance.  According  to  some,  it  is  a 
mixture  of  peroxid  of  tin  and  protoxid  of  gold  ;  while, 
according  to  others,  the  gold  is  in  its  metallic  state. 
When  melted  with  glass,  it  gives  it  a  rich  red  colour, 
and  hence  its  use  in  imitating  some  of  the  gems. 

Muriate  of  gold  is  employed  for  giving  a  coating  to 
other  metals,  particularly  iron.  This  is  done  by  diluting 
the  solution  with  spirit  of  wine,  and  putting  the  iron  into 
it.  its  surface  being,  previously  well  polished.     In  the 
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course  of  a  short  time,  it  acquires  a  covering  of  gold, 
which  may  be  made  to  adhere  firmly  by  burnishing.  In- 
stead of  spirit  of  wine,  ether  is  sometimes  employed. 
The  solution  of  the  muriate  being  evaporated  to  dryness, 
the  residue  is  dissolved  in  ether,  into  which  the  iron  is 
immersed,  and  almost  instantly  removed.  By  exposure 
to  air  the  ether  evaporates,  and  leaves  the  gold  adhering 
to  the  iron,  so  that,  by  repeating  the  process,  a  suifi- 
dently  thick  coating  may  be  given  to  it.  In  this  way 
finer  sorts  of  instruments  are  sometimes  gilded,  more  par- 
ticularly if  they  are  likely  to  be  exposed  to  moisture,  by 
which  they  are  prevented  from  being  rusted. 

Muriate  of  gold  is  also  employed  in  porcelain  paint- 
ing ;  for  which  purpose  it  is  mixed  with  borax  and  gum, 
and  applied  to  the  ware  by  means  of  a  hair  pencil.  By 
the  application  of  heat,  the  part  covered  with  it  acquires 
a  rich  red  colour. 

AUoys. 

Gold  combines  with  other  metals,  and  forms  useful 
ocmipounds,  the  most  important  of  which  are  those  with 
copper  and  mercury.  When  alloyed  with  the  former,  it  ac- 
quires the  valuable  property  of  becoming  harder,  owing 
to  which  it  is  mixed  with  it  when  employed  for  making 
coins.  From  the  experiments  of  Hatchet,  (Ph.  Tr.  1803,) 
it  has  been  ascertained,  that  the  hardest  alloy  is  that 
composed  of  11  of  gold  and  1  of  copper.  Hence,  by 
<Nrder  of  Government,  Standard  or  Sterling  Gold  contains 
a  twelfth  part  of  its  weight  of  copper.  Coins  made  of 
this  are  harder  than  those  of  pure  gold ;  hence  the  im- 
pressions on  them  continue  much  longer  entire.  Jewel- 
lers^ gold  contains  more  of  the  alloying  metal,  and  some- 
times, instead  of  copper,  a  mixture  of  it  and  silver  is  used, 
the  latter  giving  to  the  compound  a  colour  more  nearly 
the  same  as  that  of  pure  gold,  while  copper  alone  makes 
it  darker.     Hence  its  frequent  use  in  making  trinkets. 

There  exists  a  strong  attraction  between  gold  and  mer- 
cury, so  that  they  can  be  easily  amalgamated.  When  a 
piece  of  gold  is  dipt  into  mercury,  it  merely  acquires  a 
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white  colour ;  but,  by  putting  it  when  red  hot  into  the 
other  brought  nearly  to  its  boiling  point,  a  soft  amalgam 
is  formed,  from  which  the  superfluous  mercury  can  be 
removed,  by  squeezing  it  in  a  leather  bag.  By  this 
means  a  substance  is  obtained,  consisting  of  about  1  of 
gold  and  S  of  mercury,  and  from  which  the  latter  is  easily 
driven  off  by  heat ;  hence  its  use  in  gilding. 

Though  the  alloys  of  gold  and  the  other  metals  already 
described  are  not  put  to  any  use,  yet  it  is  important  to 
know,  that  many  of  these  impair  materially  its  proper- 
ties. Thus  l-2000th  part  of  lead  sensibly  affects  it,  and 
by  merely  exposing  it  to  its  vapour,  its  ductility  is  con- 
siderably diminished.  Wl^en  the  lead  amounts  to  abdut 
1-1  St h  part,  the  alloy  is  as  brittle  as  glass. 

Tin  and  antimony  also  impair  its  properties.  It  is 
necessary,  therefore,  when  it  is  to  be  alloyed  with  o^per 
or  silver,  that  these  be  quite  pure  ;  and  particular  ctten* 
tion  must  be  paid  to  this,  with  respect  to  the  latter,  be- 
cause the  ores  from  which  it  is  procured  often  contain  lead. 

Gold  is  a  very  sparing  production  of  nature.  It  is  al- 
ways found  in  its  metallic  state,  either  pure,  or  in  com- 
bination with  some  other  metal.  In  almost  all  civilized 
nations,  it  is  used  as  a  medium  of  exchange. 

It  is  used  also  extensively  in  gilding  other  metals, 
and  also  wood,  paper,  and  glass,  for  which  purpose  it  is 
employed  in  leaf,  in  powder,  and  in  amalgam.  For  pro- 
curing gold  leaf,  it  is  fused  along  with  borax,  and  cast 
into  an  iron  mould  previously  greased,  after  which  it  is 
heated,  to  burn  off  the  tallow,  and  extended  by  beating, 
and  by  passing  it  between  rollers,  tiU  it  becomes  as  thin 
as  paper.  It  is  then  cut  into  pieces  of  equal  size,  and 
again  hammered  between  slips  of  ox-gut,  till  they  be- 
come of  the  requisite  thinness,  after  which  they  are  put 
up  in  books,  the  paper  being  covered  with  red  bole,  an 
impure  sort  of  alum,  to  prevent  them  from  adhering  to  it. 
In  this  operation,  each  grain  affords  about  30  inches  of 
leaf,  which  is  only  about  l-180,000th  of  an  inch  in  thick- 
ness. Gold  powder  is  prepared  by  dissolving  the  metal 
in  aqua  regia,  and  putting  into  the  sotutbil  a  piece  of 
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oopper,  which  unites  with  its  oxigen  and  acid,  and  causes 
it  to  be  deposited  in  its  metallic  state  in  fine  powder, 
after  which  it  is  kept  for  some  time  in  warm  vinegar, 
washed,  and  dried  by  heat.  Gold  powder  is  also  pro- 
eared  by  heating  its  amalgam,  by  which  the  whole  of 
die  mercury  is  expelled,  and  by  stirring  it  during  the 
iqvplication  of  the  heat,  to  prevent  it  fi'om  running  to- 
gether. It  is  then  rubbed  in  a  mortar  with  water,  and 
dried.  The  mode  of  procuring  the  amalgam  has  been 
already  described. 

The  process  of  gilding  differs  according  to  the  sub- 
•taace  to  be  gilded.  For  paper  and  wood,  gold  leaf  is 
almost  always  employed,  the  surface  being  covered  with 
■ome  adhesive  matter.  For  metals,  the  amalgam  is 
generally  used.  When  silver  is  to  be  gilded,  after 
behg  washed  with  muriatic  acid,  its  surface  is  covered 
frith  the  amalgam,  and  then,  by  placing  it  on  a  charcoal 
fre^  the  mercury  is  driven  off,  and  the  gold  lefk  adher- 
ing to  the  silver.  Hie  loose  particles  are  removed  by  a 
bmshy  and  after  covering  it  with  gilder^s  wax,  a  compo- 
iltioll  of  bees^  wax,  red  ochre,  verdigris,  and  green  vi- 
triol, it  is  heated  and  plunged  while  warm  into  cold 
urine,  by  which  the  colour  is  heightened. 

As  copper  is  not  easily  acted  on  by  gold  amalgam,  it 
ia  necessary  to  communicate  to  it  a  thin  layer  of  mercury, 
which  is  done  by  immersing  it  in  a  solution  of  the  nitrate, 
by  which  the  mercury  is  deposited  in  its  metallic  state, 
and  adheres  to  the  copper.  It  is  then  gilded  by  means 
ef  the  amalgam,  the  thin  layer  of  mercury  enabling  it  to 
retain  the  gold.  Gilding  of  glass  and  porcelain  is  usual- 
ly done  by  means  of  a  flux,  as  borax.  For  this  purpose 
die  gold  powder  is  mixed  with  gum  and  borax,  and  ap- 
fdied  by  means  of  a  pencil.  The  ware  is  then  heated, 
by  which  the  gum  is  burned  off,  and  the  borax  melted, 
causing  the  gold  to  adhere  to  it. 

For  the  method  of  procuring  gold,*  see  Silver. 
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Sidphurct 

When  silver  is  long  exposed  to  air,  it  is  tarnished,  ow- 
ing to  the  sulphureous  vapours  constantly  floating  in  the 
atmosphere,  by  which  a  sulphuret  is  formed.  The  same 
■ulphuret  may  be  procured  by  heating  sulphur  and  silver 
together,  or  by  the  transmission  of  sulphuretted  hydro- 
gen  through  a  solution  of  one  of  its  salts.  It  is  black 
and  soluble  in  acids,  giving  ofi^  sulphuretted  hydrogen 
gas.     It  is  composed  of 

metal,        100  1  atom»    1S7.5 

silver,  14.9  1  atom,       10 

Chlorid. 

Silver  unites  very  easily  with  chlorine.  When  intro- 
ducied  into  the  gas,  it  slowly  Absorbs  it,  and  a  white  sub- 
stance is  formed.  The  chlorid  is,  however,  most  easily 
obtained  by  the  addition  of  any  muriate,  as  of  soda,  to 
the  solution  of  the  nitrate,  by  which  the  nitric  acid  and 
loda  unite,  while  the  oxid  of  silver  and  muriatic  acid  un- 
dcifgo  decomposition,  the  oxigen  and  hydrogen  forming 
water,  and  the  chlorine  and  silver  the  chlorid.  It  is 
in  the  state  of  a  white  powder,  but  becomes  black  on 
exposure  to  light;  and  that  this  is  the  cause  of  the 
blackening,  is  proved  by  keeping  the  glass  containing 
the  precipitate  in  the  dark,  by  which  it  retains  its  white- 
ness. If  exposed  to  sunshine,  it  is  almost  instantly 
blackened. 

When  heated  to  about  500,  it  is  fused ;  and  on  cool- 
ing, it  becomes  grey,  and  semi-transparent,  resembling  a 
piece  of  horn,  and  hence  called  luna  cornea.  By  a  much 
stronger  heat  it  is  decomposed.  It  is  soluble  in  ammo- 
nia ;  but  the  alkaline  carbonates,  by  the  aid  of  heat,  de- 
compose it,  reducing  it  to  its  metallic  state ;  and  hence 
the  method  of  procuring  pure  silver,  by  precipitating 
the  chlorid,  washing  it  with  nitric  acid,  and  then  expos- 
ing to  heat  in  a  crucible,  with  bi-carbonate  of  potass. 
It  is  also  easily  decomposed  by  some  of  the  metals,  as 
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zinc,  which,  when  heated  slightly  with  it,  deprives  it  of 
its  chlorine,  and  sets  free  the  metallic  silver. 

Numerous  experiments  have  been  made  by  Proust, 
Bose,  Berzelius,  Marcet,  Gay  Lussac,  Dr  Davy,  and 
Thomson,  with  the  view  of  finding  the  proportions  of 
the  ingredients  of  this  chlorid,  not  only  as  affording  the 
best  means  of  fixing  the  atomic  weight  of  silver,  but  be- 
cause, by  the  precipitation  of  chlorid  from  any  fluid  ooi^ 
taining  muriatic  acid,  it  affords  a  method  of  finding  the 
proportion  of  that  acid  that  existed  in  solution. 

Its  composition  is,  according  to 

Davy.  ThoiaiaB. 

silver,  100  100 

chlorine,  S2.6  S2.7 ; 

which  last  makes  it  exactly  an  atom  of  each,  so  that  we 
may  consider  it  as  correct.  *  Were  we  to  suppose  this  in 
the  state  of  muriate,  we  easily  find  the  muriatic  add 
equivalent  to  the  chlorine,  and  can  thus  know  how  much 
acid  any  fluid  contains ;  100  gr.  of  chlorid,  the  preced* 
ing  statement  shews,  contain  75.4  of  silver,  which  re- 
quire 5.5  of  oxigen  for  oxidation,  forming  80.9  of  oxid, 
and  deducting  this  from  100  leaves  19.1 ;  so  that  100  of 
chlorid  are  equivalent  to  19*1  of  muriatic  acid. 

NitrcUe, 

Very  few  of  the  acids  act  upon  silver.  The  one  that 
dissolves  it  most  easily,  is  nitric  acid ;  indeed  it  is  neoe»« 
sary  to  have  it  diluted,  to  moderate  the  action,  which  is 
accompanied  with  the  usual  phenomena,  the  disengage- 
ment of  nitric  oxid,  and  formation  of  nitrate.  The  so- 
hition  is  transparent  and  colourless,  provided  the  sub^ 
stances  are  pure  ;  but  if  the  acid  has  contained  a  little 
muriatic  acid,  it  is  turbid  from  the  deposition  of  chlorid 
of  silver.  If,  on  the  other  hand,  standard  silver  be  usedy 
the  solution  is  of  a  greenish  tinge,  from  the  formation  of 
nitrate  of  copper.  By  evaporating  the  solution,  flat 
rhomboidal  crystals  of  nitrate  of  silver  are  obtained. 
They  have  a  bitter  taste ;  are  easily  fused  by  the  appli-' 
cation  of  heat,  in  which  state  it  is  poured  into  cylindri- 
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cai  moulds,  and  forms  lunar  caustic.  During  the  fusion, 
however,  it  seems  to  undergo  a  slight  change ;  it  acquires 
a  dark  colour,  and  it  is  not  completely  soluble  in  water, 
probably  from  the  decomposition  of  a  little  of  the  nitrate, 
iU  acid  being  expelled. 

When  the  solution  of  the  nitrate  has  been  prepared 
from  Sterling  silver,  the  copper  is  easily  removed  by  eva* 
porating  to  dryness,  and  exposing  the  residue  to  heat, 
by  which  the  acid  is  expelled  from  the  copper,  and  the 
oxid  left,  and  as  it  is  insoluble,  the  nitrate  of  silver  is 
easily  taken  up  by  water. 

Nitrate  of  silver  is  dissolved  by  about  an  equal  weight 
et  cold  water.  The  solution  is  transparent  and  colour- 
less, but  on  exposure  to  light,  undergoes  decomposition. 
If,  for  instance,  traces  be  drawn  with  it  on  paper  or 
doth,  and  exposed  to  sunshine,  they  very  soon  become 
black.  Hence  its  use  as  indelible  or  marlcing  ink.  For 
Jiteparing  this,  a  piece  of  pure  silver  is  put  into  its  own 
weight  of  nitrous  acid,  diluted  with  an  equal  quantity  o^ 
water ;  and  when  the  acid  has  taken  up  as  much  of  it  as 
it  can,  which  is  known  by  its  ceasing  to  give  off  bubbles 
of  gas,  it  must  be  poured  off,  and  evaporated  to  dryness, 
and  then  fused  by  continuing  the  heat.  Two  parts  of 
the  dried  residue,  and  1  of  gum  Arabic,  are  dissolved  in 
7  of  water,  and  the  solution  blackened  with  a  little  China 
ink  ;  but  before  applying  it  to  the  cloth,  this  must  be 
welted  with  an  alkaline  solution,  (prepared  by  dissolving 
an  ounce  of  carbonate  of  soda,  and  l-4th  of  an  ounce  of 
gum  Arabic,  in  four  ounces  of  water,)  and  then  dried. 

Nitrate  of  silver  is  decomposed  by  some  of  the  inflam- 
mables, as  hydrogen  gas,  carbon,  and  phosphorus,  the 
action  being  exactly  the  same  as  already  mentioned  with 
gold,  the  silver  being  deposited  in  its  metallic  state. 

It  is  decomposed  by  muriatic  acid,  which  precipitates 
the  chlorid,  by  the  fixed  alkalies  which  throw  down  the 
oxid,  and  by  the  muriates,  phosphates,  and  carbonates. 
Ammonia  at  first  occasions  a  precipitate,  but  almost  in- 
stantly re-dissolves  it ;  and  hence  the  method  of  prepar- 
ing the  ammoniuret  of  silver^  or  nkraU  of  silver  and  am* 
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moniay  merely  by  adding  aqua  ammonis  to  the  solution 
of  the  nitrate,  till  the  precipitate  at  first  formed  disi^ 
pears.     The  solution  is  transparent  and  colourless. 

Nitrate  of  silver  is  also  decomposed  by  some  of  the 
metals.  When,  for  instance,  a  plate  of  copper  is  im- 
mersed into  its  solution,  it  very  soon  acquires  a  coating 
of  silver,  and  leaving  it  there  for  some  time,  the  whole 
of  the  silver  is  deposited  in  the  form  of  a  light  flocculent 
powder.  It  is  not  pure,  but  can  be  purified  by  throwing 
it  into  another  solution  of  the  nitrate,  which  removes  any 
copper  mixed  with  it. 

When  mercury  is  put  into  the  solution,  the  silver  is 
precipitated,  and  if  the  action  go  on  slowly,  and  the  ves- 
sel be  kept  undisturbed,  the  metal  assumes  a  dendritic 
appearance,  the  branches  spreading  through  the  solution. 
Hence  the  mode  of  forming  the  Arbor  DiatuBj  merely  by 
throwing  a  globule  of  mercury  into  very  much  diluted 
nitrate  of  silver.  The  action  here  by  which  the  metal 
becomes  arborescent,  is  to  be  explained  in  the  same  way 
as  in  the  formation  of  the  lead  tree,  (p.  46.)  Nitrate  c^ 
silver  is,  according  to  Thomson,  composed  of 

acid,       32  1  atom 

oxid,       68  1  atom 

Phosphate. 

Phosphoric  acid  does  not  act  on  silver.  A  phosphate 
may,  however,  be  prepared  by  the  addition  of  phosphate 
of  soda  to  nitrate  of  silver,  by  which  a  yellow  powder  is 
precipitated.  When  boiled  with  any  earthy  muriate,  it 
is  decomposed,  and  phosphate  of  the  earth  and  chlorid 
of  silver  are  formed  ;  and  hence  the  use  to  which  Gay 
Lussac  applied  it,  in  freeing  chlorate  of  baryta  from  the 
muriate,  with  the  view  of  procuring  chlorate  of  baryta, 
from  which  he  obtained  chloric  acid,  (vol.  i.  p.  476.) 

Stdphate,  , 

Sulphuric  acid  does  not  act  on  silver  in  the  cold,  but 
by  the  application  of  heat  a  sulphate  is  formed,  the 
metal  being  oxidated  by  part  of  the  add.     It  may  also  be 
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procured  by  adding  an  alkaline  carbonate  to  the  nitrate, 
to  throw  down  carbonate  of  silver,  and  then  decomposing 
this  by  sulphuric  acid.  The  sulphate  is  sparingly  solu- 
ble, requiring  about  90  of  cold  water  for  solution.  At  a 
led  heat  it  is  decomposed,  the  acid  being  expelled,  and 
the  oxid  reduced.  The  alkaline  earths,  the  carbonates, 
muriates,  and  phosphates,  also  decompose  it. 

Arsenite. 

When  arsenite  of  potass  is  mixed  with  nitrate  of  sil- 
Ter,  a  yellow  precipitate  of  arsenite  of  silver  is  formed ; 
and  as  the  nitrate  is  so  easily  decomposed  by  the  arsenical 
salt,  it  has  been  recommended  as  a  test  of  arsenic.  (See 
Poisons.) 

FuhnincUing  Silver. 

Different  methods  are  followed  in  the  preparation  of  a 
fulminating  compound  from  silver.  The  substance  that 
explodes  most  easily,  is  prepared  by  the  action  of  ammo- 
nia. For  this  purpose,  lime  water  is  added  to  the  nitrate, 
and  the  precipitate,  after  being  washed  and  dried,  is  put 
into  a  glass  cup  with  aqua  ammonias,  and  in  the  course 
of  ten  or  twelve  hours  it  becomes  black.  The  fluid  is 
then  to  be  poured  off,  and  the  powder  dried  cautiously 
by  exposure  to  air. 

This  substance  explodes  easily  by  the  slightest  friction 
or  percussion.  It  ought  not,  therefore,  to  be  removed 
from  the  vessel  in  which  it  is  prepared,  and  of  course 
▼ery  little,  not  more  than  a  grain,  should  be  made  in 
each. 

Another  detonating  compound,  discovered  by  Brugna- 
telli,  is  obtained  from  the  nitrate  by  the  action  of  alco- 
boL  For  preparing  it,  50  grains  of  lunar  caustic  in  pow- 
der are  thrown,  in  small  quantities  at  a  time,  into  an 
ounce  of  a  mixture  composed  of  equal  parts  of  nitric  acid 
and  spirit  of  wine,  of  specific  gravity  860.  An  action 
oommences,  accompanied  with  the  disengagement  of  red 
fumes,  during  which  a  white  powder  is  deposited  ;  and 
when  this  has  taken  place,  water  must  be  poured  on  to 
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put  a  stop  to  it.  It  may  be  also  procured,  by  dissolving 
SO  grains  of  pure  silver  in  an  ounce  of  diluted  acid» 
(equal  measures  acid  and  water,)  and  adding,  after  the 
solution  is  completed,  2  ounces  of  alcohol.  By  the  ap- 
plication of  a  very  slight  heat,  the  powder  is  deposited ; 
but  the  moment  it  appears,  more  spirit  of  wine  must  be 
put  in,  to  prevent  the  action  from  becoming  too  violent 
The  powder  thus  formed,  must  be  collected  on  a  filter, 
and  dried  by  exposure  to  air. 

When  a  little  of  the  detonating  silver  is  put  into  paper, 
and  struck  with  a  hammer,  or  rubbed  in  a  mortar,  it  ex- 
plodes with  great  violence.  Hence  its  use  in  making  deio^ 
noting  balls  and  pvliaways.  The  former  are  prepared  by 
wrapping  about  l-4th  of  a  grain,  into  a  piece  of  very 
fine  paper,  with  a  dried  pea.  This,  when  thrown  on  the 
floor,  is  instantly  exploded.  The  latter  are  formed,  by 
putting  a  little  of  the  powder  with  sand  between  two 
pieces  of  thick  paper,  and  securing  these  together,  by 
pasting  another  piece  of  paper  round  that  part  contain- 
ing  the  powder.  When  drawn  asunder,  the  friction  is 
sufficient  to  cause  explosion. 

Detonating  silver  is  exploded  also  when  touched  with 
sulphuric  acid. 

Fulminating  silver,  according  to  the  experiments  of 
Leibig,  contains  oxid  of  silver  in  union  with  an  add,' 
having  cyanogen  and  oxigen ;  for  when  heated  with 
oxid  of  copper,  carbonic  acid  and  nitrogen,  in  the 
same  proportion  as  generated  by  the  combustion  of 
cyanogen,  were  disengaged.  But  besides  these,  it  seems 
to  contain  also  silver  as  one  of  its  ingredients.  When 
treated  with  solution  of  potassa,  or  of  its  muriate,  the 
acid  and  alkali  combine  ;  indeed,  the  acid  may  be  trans- 
ferred to  any  base.  The  compounds  thus  formed,  deto- 
nate, but  not  so  powerfully  as  that  of  silver.  (An.  of  Ph. 
N.  S.  vii.) 

It  has  been  mentioned,  (vol.  i.  p.  8S6.)  that  though 
the  acid  of  fulminating  silver  can  be  transferred  to  other 
bases,  it  cannot  be  got  from  them.  In  a  late  paper, 
however,  by  Leibig,  (An.  de.  Ch.  et  de  Ph.  xxxiiL) 
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he  has  pointed  out  a  method,  by  which  he  asserts  that 
he  has  succeeded  in  obtaining  the  acid.  It  consists  in 
tnmsQiitting  a  stream  of  sulphuretted  hydrogen  through 
water,  holding  fulminating  silver  suspended  in  it,  but 
ceasing  before  the  whole  of  the  fulminate  is  decomposed. 
Sulphuret  of  sulphur  is  then  deposited,  and  fulminic 
add,  according  to  Leibig,  left  in  solution.  It  reddens 
y^;etable  blues,  has  an  acid  taste,  and  neutralizes  salifia- 
ble bases.  If  the  stream  of  gas  be  continued  till  the  whole 
of  the  fulminate  disappears,  the  acid,  though  set  at  liber- 
ty, is  decomposed,  and  other  products  are  formed,  the 
nature  of  which  has  not  been  ascertained. 

Alloys, 

» 

Silver  unites  with  almost  all  the  metals.  The  most 
important  alloy  is  that  with  copper,  forming  Standard  or 
Sterling  Silver^  which  is  composed  of  12f  silver,  and  1 
copper.  It  is  much  harder  than  the  pure  metal,  and  is 
therefore  better  adapted  for  coins  and  trinkets. 

Silver  unites  also  with  gold.  It  has  been  mentioned, 
that  the  latter  is  frequently  alloyed  with  the  former,  for 
making  jewellers^  gold.  As  this  alloy  is  more  easily  fused 
than  sterling  gold,  it  is  used  for  soldering  it. 

Silver  is  used  as  a  medium  of  exchange,  and  for  trin- 
keU  and  plate.  It  is  employed  also  for  giving  a  coating 
tc  other  metals,  with  the  view  of  making  them  appear 
it ;  or  for  enabling  them  to  be  put  to  purposes,  to 
they  could  not  otherwise  be  applied.  The  only 
metals  that  are  silvered,  are  copper,  or  brass,  and  pew- 
ter ;  the  process  differing  according  to  the  thickness  of 
the  coating  required.  An  easy  method  of  silvering  is  by 
the  amalgam.  For  this,  silver  in  powder,  prepared 
from  the  nitrate  by  copper,  as  already  described,  is 
mixed  with  four  times  its  weight  of  common  salt,  four 
of  sal  ammoniac,  and  a  fourth  part  of  corrosive  subli- 
mate, and  made  into  a  paste  with  water,  with  which  the 
iorface  of  the  metal  is  covered,  till  the  whole  of  it  ac- 
quires a  white  metallic  coating.  This  is  an  amalgam  gI 
the  silver  and  the  mercury  of  the  sublimate,  from  which 
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the  latter  is  expelled  by  heating  it,  and  the  former  is  left 
adhering  to  the  metal.  Another  mode  of  silvering  is  by 
tuna  cornea.  This  is  mixed  with  three  of  pearl  ash,  one  of 
whiting,  and  one  of  sea  salt,  and  sprinkled  on  the  metal, 
previously  heated,  which  gradually  acquires  a  coating  of 
silver ;  but  as  it  is  very  thin,  it  requires  to  be  varnished, 
to  prevent  it  from  being  rubbed  off.  A  more  durable 
kind  of  silvering  is  given,  by  putting  on  a  bar  of  copper, 
another  of  silver,  of  about  1-1 2th  part  of  the  thickness, 
with  a  little  powdered  borax  between  them.  By  expos- 
ing this  to  heat,  the  borax  is  melted,  and  pauses  them  to 
unite ;  so  that,  by  passing  them  between  rollers,  they 
can  be  extended  to  plates,  the  silver  always  bearing  the 
same  proportion  to  the  copper  which  it  did  at  first. 

Methods  of  Procuring  Gold  and  Silver. 

Gold  is  always  found  in  its  metallic  state,  alloyed  with 
silver  and  copper.  Some  iron  and  lead  ores  also  con- 
tain a  sufficient  quantity  of  it  to  make  them  valuable  as 
ores  of  gold.  When  gold  is  alloyed  with  silver,  mixed 
with  stony  matter,  the  method  of  extracting  it  is  very 
simple.  The  ore  is  first  broken  into  pieces,  and  freed 
as  much  as  possible  from  impurities,  after  which  they 
are  reduced  to  powder,  and  made  into  a  paste  with 
salt  and  water.  Mercury  is  next  squeezed  through 
a  leather  bag  on  the  mixture,  and  as  it  flows  in,  in  very 
minute  globules,  it  is  mixed  intimately  with  the  ore. 
When  the  proper  quantity  is  added,  the  whole  is  beat 
well  together,  and  kept  at  about  the  temperature  of  boil- 
ing water  for  some  days,  till  the  union  is  effected,  after 
which  the  earthy  matter  is  washed  away,  and  the  residue 
is  subjected  to  distillation,  by  which  the  mercury  is  ex- 
pelled, and  the  gold  containing  a  little  silver  is  left. 
These  are  easily  separated  by  the  process  of  parting. 
For  this  purpose  the  metal,  being  extended  to  thin  plates, 
is  put  into  diluted  nitrous  acid,  by  which  the  silver  is 
dissolved,  and  the  gold  left,  the  former  only  being  so- 
luble. From  the  solution  the  silver  can  be  precipitated 
by  the  immersion  of  a  piece  of  copper. 
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In  those  cases  in  which  the  gold  is  alloyed  with  other 
metals,  the  process  for  procuring  it  is  more  complicated. 
The  ore  is  first  roasted,  to  drive  off  sulphur,  and  then 
heated  along  with  lime  and  lead  ore,  and  when  complete- 
ly fused,  it  is  drawn  off  into  moulds.  The  metallic  mat- 
ter thus  obtained,  after  being  repeatedly  fused,  is  an 
alloy  of  gold,  silver,  lead,  and  copper,  from  the  two  last 
of  which  it  is  separated  by  the  process  of  cupeUation. 
Gold  and  silver  are  not  oxidated  by  heat  and  air,  while 
the  others  very  quickly  pass  into  the  state  of  oxid  when 
heated.  On  this  depends  the  process  of  cupellation, 
which  is  merely  the  separation  of  gold  and  silver  from 
other  metals,  by  means  of  oxidation,  as  will  be  imme- 
diately described. 

Silver  is  obtained,  not  only  from  the  ores  of  this  metal, 
but  also  from  those  of  lead ;  some  of  which  afford  a 
sofficient  quantity  to  make  it  of  importance  to  extract 
it  from  them.  Two  modes  are  followed,  amalgatnei' 
Hon  and  Jusion.  The  first  is  performed,  by  mixing  the 
ore  with  sea  salt,  and  heating  it  till  the  vapours  cease 
to  come  off.  When  the  product  is  cool,  it  is  reduced 
to  powder,  amalgamated,  and  then  heated,  by  which 
the  mercury  is  driven  off,  and  the  silver  left,  but  still 
alloyed  with  copper.  In  conducting  the  process  of  fu- 
sion, the  ore,  which  is  generally  one  of  lead,  is  roast- 
ed, to  expel  the  sulphur,  and  is  then  heated  along  with 
charcoal,  by  which  the  lead  is  reduced  and  melted, 
and  falls  to  the  bottom  of  the  furnace,  carrying  the  silver 
with  it.  From  the  products  thus  obtained,  the  silver  is 
piocured  by  cupellation.  The  vessel  or  cupel  in  which 
the  refining  is  carried  on,  is  made  of  bone  ashes.  It  is 
placed  in  a  furnace,  and  when  properly  heated,  the  alloy 
it  put  in,  and  a  stream  of  air  allowed  to  pass  over  it, 
by  which  the  oxidable  metals  are  oxidated,  and  ab- 
sorbed by  the  dish,  while  the  silver  is  left  in  its  metal- 
lic state.     If  not  pure,  the  process  must  be  repeated. 

In  freeing  gold  from  other  metals,  recourse  is  often 
had  to  cupellation,  which  is  conducted  in  the  same  way 
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as  with  silver ;  but  as  the  alloying  metals  are  in  small 
quantity,  it  is  in  general  necessary  to  add  some  lead, 
which,  during  the  process,  is  oxidated,  and  absorbed  by 
the  dish,  carrying  with  it  the  whole  of  the  impurities. 
Should  the  gold  still  contain  silver,  they  are  separated 
by  partings  as  already  described,  (Aiken^s  Chem.  Diet) 


PLATINUM. 

Platinum  was  not  known  in  Europe  till  about  the 
middle  of  the  last  century,  when  it  was  brought  here  by 
Mr  Wood,  Assay  Master  at  Jamaica,  who,  in  1749,  gave 
an  account  of  some  of  its  properties. 

It  is  found  chiefly  in  South  America,  in  small  flat 
grains,  but  which  are  not  the  metal  in  its  pure  state  t 
they  contain  no  less  than  four  others,  that  have  not  been 
found  any  where  else,  and  one  or  two  more,  frequently 
met  with. 

When  pure,  it  is  of  a  white  colour,  somewhat  resem-* 
bling  silver,  though  rather  darker,  and  having  less 
lustre.  Its  sp.  gr.  is  S150 ;  its  atomic  weight  ISO.  In 
hardness  it  is  inferior  to  few,  if  any,  of  the  metals.  It 
id  possessed  of  great  malleability  and  ductility.  It  may 
be  beat  into  very  fine  leaves,  and  drawn  to  wire,  not  ex- 
ceeding l-^OOth  part  of  an  inch  in  thickness.  When 
about  the  l-13th  of  an  inch  thick,  it  sustains  a  weight  of 
270  lbs. 

Platinum  requires  a  higher  heat  than  any  other  metal 
for  its  fusion,  that  of  a  blast  furnace  not  being  sufficient 
to  melt  it ;  it  may,  however,  be  fused  by  the  oxi-hydn>- 
gen  blow-pipe.  When  heated  to  whiteness,  like  iron,  it 
can  be  welded^  and  hence  a  method  of  getting  it  in  its 
malleable  state. 

It  expands  very  little  by  the  application  of  calorici 
According  to  Wollaston,  if  we  consider  the  expansion 
of  steel,  between  the  freezing  and  boiling  points  of 
water,  as  12,  that  of  platinum   is  only  9.      He  states 
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ftbO}  that  it  is  a  worse  conductor  than  any  of  the  other 
metals,  its  conducting  power  being  to  that  of  copper  as 
1  to  S^,  and  to  silver  as  1  to  3^. 

Platinum  is  not  oxidated  by  heat  and  air.  It  can, 
however,  be  converted  to  an  oxid  by  electricity,  and  by 
the  oxi-hydrogen  blow-pipe. 

Oxids. 

It  unites  with  two  proportions  of  oxigen,  forming  prot- 
ozid  and  peroxid,  the  former  of  which  only  has  been  ob- 
tained in  Its  uncombined  state. 

According  to  fierzelius,  the  protoxid  may  be  procured 
by  the  addition  of  potassa,  in  excess,  to  a  solution  of  the 
metal  in  nitro-muriatic  acid,  by  which   a  black  powder 
is  precipitated.     It  contains,  according  to  him, 
•  metal,     100        =1  atom  ISO 

oxigeni       8.28  3=  1  atom    10. 
When  exposed  to  a  strong  heat  it  is  decomposed,  the 
whole  of  its  oxigen  being  expelled,  and  the  metal  left 
{Kure. 

Peroxid,  though  not  yet  obtained  except  in  a  state  of 
combination,  is,  according  to  Berzelius,  composed  of 

metal,     100       =1  atom   ISO 
oxigen,     16.88  =  S  atoms    20. 
Another  compound  of  platinum  and  oxigen  has  been 
mentioned  by  Mr  Davy,  and  which,  he  says,  consists  of 

metal,     100       =  2  atoms 
oxigen,     11.86  =  8  atoms. 
He  procured  it  by  boiling  nitric  acid  and  fulminating 
fdatinum,  drying  the  residue,  heating  it,  and  then  wash- 
ing it  with  potassa. 

Muriate. 

Platinum  resembles  gold  in  its  power  of  resisting  the 
action  of  acids.  The  only  one  that  acts  on  it  is  the  nitro- 
muriatic.  For  dissolving  it  3  of  muriatic  and  1  of  nitric 
ihould  be  employed,  the  metal  being  previously  cut  into 
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small  pieces,  and  the  heat  continued  till  t4ie  whole  of  it 
is  dissolved.  The  action  goes  on  with  the  usual  ap- 
pearances, and  a  brown  solution  is  obtained,  that  yields 
'Crystals  of  the  same  colour,  and  which  may  be  considered 
a  muriate,  or  a  chlorid.  The  alkalies  decompose  the 
muriate ;  but  the  phenomena  differ  according  to  the  sub- 
stance employed. 

When  potassa  is  added  to  the  solution,  a  brown  preci- 
pitate falls,  which  is  a  compound  of  the  alkali  and  the 
muriate,  muriate  of  pkUinum  and  potassa,  or,  accord- 
ing to  some,  a  chlorid  of  platinum  and  of  potassium^  in 
the  proportion,  according  to  Thomson,  (First  Pr.),  of 

3  atoms  chlorine,      135 
1  atom   platinum,    1^0 
1  atom   potassium,     60, 
which,  from  analysis,  he  finds  are  so  combined  as  to  fom 
1  atom  bi-chlorid  of  platinum,         210 
1  atom  chlorid  of  potassium,     -        95. 
When  soda  is  added  to  the  solution  of  the  muriate^ 
there  is  no  precipitation,  but  it  enters  into  union,  and 
forms  a  similar  compound,  either  a  muruUe  of  plaiinum 
and  qf  soda,  or  a  chlorid  of  plaiinum  amd  of  sodium.     It 
may  also  be  procured  by  boiling  the  metal  in  a  mixture 
of  nitric  acid  and  sea  sadt,   and  evaporating  the  solution 
till  it  begins  to  deposit  crystals.     It  is  composed,  accord- 
ing to  Thomson,  of 

bi-per-muriate  of  platinum,         1  atom 
muriate  of  soda,  -  1  atom 

water,  -  .5  atoms ; 

or,  bi-chlorid  of  platinum,  1  atom 

chlorid  of  sodium,  -  1  atom 

water,  -  .8  atoms, 

3  of  the  atoms  of  water  being,  in  the  first  case,  consumed 
in  the  acidification  of  the  chlorine,  and  oxidation  of  the 
metals. 

The  action  between  the  muriate  and  ammonia,  or  its 
muriate,  is  also  important.  When  a  solution  of  sal-am- 
moniac is  added  to  it,  a  precipitate  falls,  which  must  be 
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considered  a  triple  compound,  a  muriate  of  platinum  and 
ammonia  ;  or,  according  to  Thomson,  of  chlorid  of  plati- 
num and  ammonia^  in  the  proportion  of 

bi-chlorid  of  platinum,         1  atom 
muriate  of  ammonia,  1  atom. 

When  this  is  exposed  to  a  red  heat,  it  is  decomposed, 
muriate  of  ammonia  and  chlorine  being  disengaged,  and 
platinum,  in  its  spongy  statCy  obtained ;  and  hence  the 
method  of  procuring  spongy  platinum  for  the  hydro- 
pneumatic  lamp.  For  this  purpose,  having  dissolved  the 
metal  in  nitro-muriatic  acid,  composedof  8  of  muriatic  and 
1  of  nitric  acid,  by  the  application  of  heat,  sal  ammoniac 
must  be  added  as  long  as  it  occasions  precipitation.  The 
mixture  is  then  to  be  thrown  on  a  filter,  washed  with  a 
Httle  water,  and  dried ;  after  which  it  is  to  be  exposed 
to  a  red  heat,  in  a  crucible,  for  about  a  quarter  of  an 
kour.  It  ought  then  to  be  removed  cautiously,  without 
compressing  it,  and  kept  in  a  box  excluded  from  the  air, 
to  prevent  it  absorbing  moisture  and  dust.  If  the  plati- 
sam,  in  grains^  has  been  used,  the  sponge  should  be  dis- 
•olved  a  second  time  in  acid,  and  precipitated  by  the 
sal  ammoniac,  so  as  to  get  it  pure ;  but  if  the  plate  pla- 
tinum has  been  employed,  there  is  no  necessity  for  the 
second  solution. 

Muriate  of  platinum  is  decomposed  by  some  of  the 
metallic  salts.  When  green  sulphate  of  iron  is  boiled 
with  it,  platinum  in  its  metallic  state  is  precipitated, 
owing  to  the  iron  depriving  it  of  its  oxigen. 

The  action  with  proto-muriate  of  tin  is  peculiar.  When 
the  solution,  recently  prepared,  is  added  to  the  muriate, 
a  red  precipitate  is  formed.  If  the  muriate  of  platinum 
be  so  much  diluted  as  scarcely  to  tinge  the  water,  it 
becomes  red  on  the  admixture  with  the  proto-muriate ; 
and  hence  the  use  of  the  latter  as  a  test  of  the  former. 
Hydr-iodic  acid  tinges  the  solution  of  the  muriate  of 
die  same  colour,  and  hence  abo  its  use  as  a  test  of  pla« 
•tinum. 
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Fulminating  PlatinuM, 

When  a  stream  of  sulphuretted  hydrogen  gas  is  passed 
through  the  solution  of  the  muriate,  a  dark-coloured 
stdphuret  is  precipitated,  which,  when  boiled  in  nitric 
acid,  becomes  sulphate,  owing  to  the  acidification  of  the 
sulphur,  and  oxidation  of  the  metal.  From  this  solu* 
iioxiyjulmvnatingplatmum  can  be  obtained,  by  the  addi* 
tion  of  ammonia  in  excess,  washing  the  precipitate,  and 
boiling  it  in  solution  of  potassa  nearly  to  dryness.  The 
residue,  after  being  washed,  is  then  dried  by  a  slight 
heat. 

As  thus  formed,  it  is  a  dark-coloured  powder,  whidi 
detonates  with  considerable  violence  at  the  temperar 
ture  of  about  420.  It  explodes  also  by  friction,  bat 
not  by  percussion.  Like  the  other  fulminating  com- 
pounds prepared  in  the  same  way,  it  is  supposed  to.be  a 
compound  of  oxid  of  platinum,  ammonia,  and  water. 
'  When  equal  measures  of  strong  solution  of  platinum  and 
alcohol  are  boiled  together,  a  dark-coloured  powder  is 
gradually  deposited,  which,  after  being  washed,  and  dried 
by  a  gentle  heat,  is  possessed  of  remarkable  properties. 
When  heated,  it  explodes  with  a  hissing  noise,  and  a 
bright  flash  of  red  light,  leaving  platinum  in  its  metallic 
state.  When  introduced  into  ammoniacal  gas,  it  becomes 
red-hot,  and  hence  it  has  been  proposed  to  employ  it  as  a 
means  of  affording  a  light,  but  which  of  course  is  super- 
seded by  the  more  easy  application  of  hydrogen  to  spon* 
gy  platinum.  It  is  decomposed  by  alcohol,  which,  almost 
the  moment  it  touches  it,  makes  it  red  hot.  If,  for  in- 
stance, a  little  of  it  be  put  on  paper  wet  with  alcohol,  ig- 
tiition  immediately  follows.  According  to  the  experi- 
ments of  Mr  Davy,  (Ph.  Tr.  1820.)  it  is  composed,  in 
the  100  parts,  of  96.5  of  platinum,  the  remainder  being 
iiitrous  acid,  oxigen,  and  carbon  ;  so  that  it  is  proba- 
bly, similar  in  its  composition  to  fulminating  silver,  con- 
taining platinum  in  union  with  some  compounds  of  cyi^ 
nogen. 
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Alloys. 


Platinum  unites  with  almost  all  the  metals,  but  the 
alloys  are  not  put  to  any  particular  use.  The  union  be- 
tween it  and  tin,  lead,  or  antimony,  is  easily  effected, 
the  action  being  accompanied  with  the  evolution  of  heat. 
When,  for  instance,  a  piece  of  sheet  lead  and  of  pladnuni 
foil  are  put  together,  and  heated  at  the  edge  by  a  blow- 
pipe, they  suddenly  unite  with  explosion,  the  alloy  be- 
coming fluid  and  scattered  about,  and  emitting  much 
heat  and  light.  The  same  occurs  with  tin,  zinc,  or  anti- 
mony, when  surrounded  by  platinum  foil,  and  treated  in 
the  same  way. 

Platinum  unites  easily  with  gold.  When  it  was  first 
introduced  to  this  country,  the  importation  of  it  into 
Spain  was  prohibited,  from  an  idea,  that  as  it  is  of  great 
weight,  it  might  be  used  to  adulterate  gold, — a  prohibi- 
tion which  was  unnecessary,  for  the  addition  of  about 
l-40th  impairs  its  properties  so  much,  that  it  is  easily  de- 
tected. 

Platinum  is  found  in  few  places.  It  is  got  in  Choco 
in  Peru,  and  in  Santa  F^,  near  Carthagena ;  and  Vauque- 
lin  has  lately  discovered  it  in  the  silver  mines  of  Gaudal- 
coaal  in  Estremadura.  It  has  been  found  also  in  St 
Domingo  and  in  the  Brazils. 

.  Platinum  is  obtained  in  different  ways  from  the  grains. 
.One  method  is,  by  dissolving  them  in  aqua  regia,  and  de- 
composing the  solution  by  sal  ammoniac,  by  which  the 
qpcmgy  metal  is  procured ;  and  to  get  this  in  a  malleable 
state,  it  is  put  into  an  iron  mould,  and  compressed  by 
means  of  a  strong  screw,  after  which  it  is  heated  to  red- 
ness, and  repeatedly  hammered,  till  it  yields  a  uniform 
mass.  It  is  also  obtained  in  its  malleable  state,  by  mix- 
ing the  sponge  with  mercury,  and  subjecting  it  to  heat, 
by  which  the  mercury  is  driven  off.  A  number  of  pieces 
^tbus  formed,  are  then  put  together,  and  welded. 

Platinum,  from  its  infusibility,  and  its  power  of  resist- 
ing the  action  of  chemical  agents,  is  well  adapted  for 
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chemical  apparatus,  as  crucibles  and  evaporating  dishes, 
though  the  difficulty  of  working  it  makes  it  very  expen- 
sive. On  a  larger  scale,  it  is  made  into  retorts  in  which 
sulphuric  acid  is  boiled,  after  it  is  drawn  off  from  the 
leaden  chambers  in  which  it  is  prepared.  Instead  of  pure 
platinum,  copper  utensils  coated  with  it  are  sometimes 
employed,  by  which  the  expense  is  considerably  dimi- 
nished. The  coating  is  done  in  the  same  way  as  with 
silver,  by  covering  the  copper  with  an  amalgam,  prepar- 
ed by  mixing  mercury  with  spongy  platinum,  and  beat- 
ing it,  by  which  the  former  is  driven  off,  and  the  latter 
left  adhering  to  it. 

Platinum  is  also  used  in  painting  on  porcelain.  For 
this  purpose,  the  sponge  is  mixed  with  a  flux,  and  put 
on  the  ware,  which  is  afterwards  heated.  In  the  same 
way,  earthen-ware  vessels  are  often  covered  with  plati- 
num, by  which  they  receive  a  resplendent  coating,  and 
thus  become  bad  radiators,  so  that  they  are  rendered 
better  for  retaining  heat,  (vol.  i.  p.  45.) 


OSMIUM,  IRIDIUM. 

When  nitro-muriatic  acid  is  boiled  on  platinum  grains, 
a  black  shining  powder  is  left,  which  has  been  found  to 
consist  of  two  metals,  the  one  called  iridium^  from  the 
different  colours  of  its  compounds,  the  other  offntum, 
from  the  pungent  odour  of  its  oxid,  (•^^oi,  odor.) 

To  separate  these,  the  powder  is  digested  alternately 
in  soda  and  in  muriatic  acid,  till  the  whole  of  it  is  dis- 
solved, the  solutions  being  kept  separate.  The  form^ 
contains  the  osmium,  the  latter  the  iridium. 

Osmium. 

When  sulphuric  acid  is  added  to  the  alkaline  solutioD, 
it  unites  with  the  potassa,  and  oxid  of  osmium  is  sepa- 
rated, and  by  distillation  is  obtained  pure,  being  easily 
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oonverted  to  vapour,  which  can  be  condensed  in  a  cold 
receiver.  When  the  fluid  thus  procured  is  agitated  with 
mercury,  an  amalgam  is  formed  and  precipitated,  from 
which  the  mercury  can  be  expelled  by  heat ;  and  if  the 
fwocess  be  conducted  in  close  vessels,  the  osmium  is  left 
in  its  metallic  state. 

It  is  of  a  dark  steel  grey  colour.  It  does  not  fuse  by 
m  strong  heat  excluded  from  air ;  but  when  it  is  present, 
it  is  oxidated  and  evaporated.  The  solution  of  the  oxid 
in  water  is  colourless,  having  a  sweet  taste,  but  a  pun- 
gent disagreeable  odour ;  and  hence  the  origin  of  the 
name. 

It  stains  the  skin  of  a  dark  colour. 

Osmium  does  not  seem  capable  of  uniting  with  acids. 

Iridictm. 

When  the  muriatic  solution  of  the  powder  is  crystal- 
lized  by  evaporation,  and  the  crystals,  after  again  dis- 
solving them,  are  exposed  to  heat,  the  acid  and  oxigen 
are  expelled,  and  the  metal  is  left  pure.  It  is,  accord- 
ing to  Children,  a  white  brilliant  metal,  of  sp.  gr.  1860. 
IlB  muriatic  solution  is  decomposed  by  all  metals,  except 
gold  and  platinum,  by  which  iridium  is  deposited. 

Ammonia  precipitates  part  of  the  oxid,  retaining  the 
lemainder  in  solution. 

Dr  Thomson,  from  the  decomposition  of  the  muriate, 
infers  that  the  atomic  weight  of  iridium  is  37.5. 
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These  two  metals  were  discovered  by  WoUaston  in  the 
nitro-muriatic  solution  of  platinum,  (Ph.  Tr.  1805.)  and 
may  be  obtained  by  the  following  process  : — After  preci- 
pitating the  platinum  by  sal  ammoniac,  immerse  a  plate 
of  zinc,  and  a  black  powder  is  deposited,  which,  by 
digestion  in  nitric  acid,  yields  copper  and  lead.  Treat 
die  residue  with  nitro-muriatic  acid,  and  to  the  solution 


lOfl  PALLADIUM. 

udd  muriate  of  soda,  equal  in  weight  to  a  fifth  part  of 
the  platinum  grains  employed,  and  then  evaporate.  The 
residue  consists  of  muriates  of  soda,  platinum,  palladium, 
and  rhodium,  the  two  first  of  which,  when  it  is  washed 
with  alcohol,  are  removed,  and  by  dissolving  the  remain- 
der in  water,  a  solution  is  obtained,  which,  by  the  im- 
mersion of  a  piece  of  zinc,  afibrds  a  black  precipitate. 
When  this  is  heated  with  borax,  it  becomes  white,  with 
a  metallic  lustre.     It  is  rhodium  in  a  state  of  purity. 

Rhodium 

Is  of  sp.  gr.  IIOQ.  Its  atomic  weight  is  65.  It  re- 
quires the  heat  of  a  blast  furnace  for  its  fusion.  By  al- 
loying it  with  other  metals,  as  with  lead,  it  may  be  dis- 
solved in  nitro-muriatic  acid,  and  it  then  yields  a  redpco- 
loured  solution  ;  and  hence  the  origin  of  its  name,  (^Ap, 
rosa.) 

Palladium. 

.  The  alcohol  employed  in  carrying  off  the  other  sub- 
stances from  rhodium,  contains  palladium  in  union  with 
muriatic  acid  and  soda,  from  which  it  can  be  obtained  by 
the  addition  of  ferro-cyanate  of  potass;  but  an  eaaer 
mode  of  procuring  it  is,  to  add  to  muriate  of  platinum, 
after  removing  the  platinum  by  sal  ammoniac,  a  solu- 
tion of  hydro-cyanate  of  mercury,  by  which  a  precipitate 
is  thrown  down,  and  which,  by  the  application  of  heat, 
yields  palladium  pure. 

The  muriate  is  decomposed  by  the  alkalies,  which 
throw  down  a  yellow  precipitate.  It  is  not  affected  by 
muriate  of  ammonia,  or  by  hydro-sulphurets. 

Palladium  is  of  a  colour  somewhat  similar  to  that  of 
platinum.  Its  sp.  gr.  is  about  1100  ;  its  atomic  weight 
70.  It  is  malleable  and  ductile.  It  requires  a  higher 
temperature  than  gold  for  its  fusion. 

Nitric  and  sulphuric  acid  dissolve  it,  but  the  readiest 
solvent  is  nitro-muriatic  acid,  which  affords  a  rich  red^ 
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odloured  solution  of  the  muriate,  easily  decomposed  by 
the  alkalies  and  earths.  Sulphate,  nitrate,  and  muriate 
of  potass,  also  throw  down  precipitates.  Green  sulphate 
of  iron  precipitates  palladium  in  its  metallic  state.  Pro- 
to-muriate  of  tin  forms  a  dark  orange  precipitate,  and 
hence  its  use  as  a  test  of  palladium. 

Palladium  unites  with  other  metals. 

Like  platinum,  it  destroys  the  colour  of  gold,  a  sixth 
part  being  sufficient  to  make  it  quite  white. 

For  the  other  methods  of  procuring  these  four  metals, 
see  London  Journal,  xii. 


BISMUTH. 

V 

I 

.  Bismuth  was  known  as  a  distinct  metal  about  the  be- 
gtniiing  of  the  16th  century,  but  no  accurate  account 
wsB  given  of  it  till  1763,  when  Geoffery  detailed  a  few 
df  its  properties,  since  which  it  has  been  examined  by 
Lagerhjelm,  and  Dr  Davy. 

It  is  of  a  whitish  colour,  with  a  slight  tinge  of  red. 
li  has  a  foliated  texture,  and  in  hardness  is  between  cop- 
per and  lead.  Its  sp.  gr.  9820.  Its  atomic  weight  is 
90.  When  cautiously  hammered  its  density  is  increased^ 
but  it  is  not  malleable  or  ductile,  being  easily  broken  by 
a  smart  blow.  A  rod  of  1-lOth  of  an  inch  in  thickness, 
sustains  a  weight  only  of  about  30  lb.  Its  fusing  point 
is  very  low,  but  it  has  been  differently  stated  by  authors. 
It  is,  according  to  Berzelius,  4«51.5;  Lewis,  460;  Irvine, 
476 ;  the  last  of  which  is  considered  the  most  correct.  If, 
after  fusion,  it  is  allowed  to  cool  slowly,  it  crystallizes 
perhaps  more  easily  than  any  other  metal. 

Oxid, 

When  heated  in  contact  with  air,  it  acquires  a  brown* 
idi  crust  on  its  surface,  and,  by  agitation,  the  whole  of 
it  is  converted  into  a  brownish  powder.  If  the  tempera- 
ture be  high,  it  takes  fire,  and  burns  with  a  blue  flame, 
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forming  a  yellow  oKid,  which  at  a  very  high  heat  is  fused, 
and  becomes  a  yellow  glass. 

Only  one  compound  of  bismuth  and  oxigen  is  known. 
It  is,  according  to  the  experiments  of  Dr  Davy,  compos- 
ed of 

metal,     100       =1  atom  90 
oxigen,     11.11  =  1  atom  10. 
The   acids  in  general  act  easily  with   bismuth,    and 
form  colourless  salts,  many  of  which  are  decomposed  by 
water. 

Nitrate. 

The  action  between  nitric  acid  and  bismuth,  is  similar 
to  that  with  tin.  When  the  strong  acid  is  used,  a  great 
deal  of  nitric  oxid  is  disengaged,  and  a  white  powder  is 
formed,  consisting  chiefly  of  oxid.  To  obtain  a  solution, 
it  is  necessary  to  moderate  the  action  by  dilution  with 
water,  by  which  the  bismuth  is  oxidated,  and  then  unites 
with  the  remainder  of  the  acid.  The  fluid  is  transparent 
and  colourless,  and,  by  evaporation,  yields  transparent 
crystals.  When  it  is  thrown  into  water,  there  is  an 
immediate  decomposition  and  precipitation  of  a  white 
powder,  which  is  a  hydrated  oxid^  probably  retaining 
a  little  of  the  acid.  It  was  long  known  by  the  name 
of  magistery  of  bismuth,  and  is  now  employed  in  medi- 
cine, as  a  tonic. 

Nitrate  of  bismuth  is  decomposed  also  by  the  alkalies, 
and  some  of  their  salts.  The  action  with  a  hydro-sul- 
phuret  is  important  as  afibrding  a  very  good  sympathetic 
ink.  On  the  addition  of  any  hydro -sulphuret  to  the  so- 
lution, a  black  precipitate  is  formed  ;  hence,  when  charac- 
ters are  drawn  on  paper  with  the  nitrate,  they  are  invisible, 
but  when  exposed  to  sulphuretted  hydrogen  gas,  or  im- 
mersed in  a  weak  solution  of  hydro-sulphuret,  they  in- 
stantly become  black. 

The  other  salts  of  bismuth  present  nothing  interesting. 

Alloys. 
Bismuth  combines  with  most  of  the  metals,  and  forms 
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.alloys  which  are  in  general  brittle,  and  fusible  at  a  low 
temperature ;  and  hence  its  use  in  communicating  fusibi- 
lity to  other  metals,  as  in  forming  solders,  a  little  of  it 
being  sometimes  mixed  with  the  tin  and  lead  employed 
for  this  purpose  ;  and  it  is  used  also  in  making  some  kinds 
of  pewter.  When  it  is  mixed  in  large  quantity  with  tin 
and  lead,  the  alloy  is  so  fusible  that  it  is  melted  when 
thrown  into  boiling  water ;  and  if  to  this  a  little  mercury 
be  added,  the  fusing  point  is  still  farther  reduced  ;  hence 
the  use  of  these  materials  in  making  Jusible  metaJy  pre- 
pared by  fusing  together  9  of  bismuth,  5  of  lead,  and  8 
of  tin,  and  then  adding  2  of  mercury.  The  fusing  point 
of  this  alloy  is  about  150.  Hence  a  spoon  made  of  it, 
when  put  into  soap  or  tea,  instantly  disappears,  the  tem- 
perature being  sufficient  to  melt  it,  and  thus  exciting  a 
little  surprise  in  the  person  who  uses  it. 

Bismuth  is  occasionally  found  native,  but  it  usually 
occurs  in  union  with  oxigen  or  sulphur,  from  which  it  is 
always  obtained.  For  this  purpose,  the  ore  is  first  roast- 
ed, generally  along  with  fuel,  in  shallow  pits  dug  in  the 
earth.  The  metallic  matter  collected  at  the  bottom  is 
then  put  into  a  crucible,  with  charcoal,  and  covered  with 
•ea  salt ;  heat  is  applied  for  a  short  time,  by  which  the 
mixture  is  fused,  and  the  bismuth  falls  to  the  bottom, 
the  charcoal  having  deprived  it  of  its  oxigen,  and  allowed 
it  to  assume  the  metallic  state.  It  is  not,  however,  pure, 
it  contains  a  little  lead,  and  sometimes  silver ;  but  it  is 
sufficiently  so  for  the  purposes  to  which  it  is  usually  ap- 
plied. When  required  pure,  it  is  prepared  from  the 
oxid  thrown  down  from  the  uitrate  by  water,  by  washing 
it  and  exposing  it  to  heat  in  a  crucible,  along  with  char- 
coal. 


COBALT. 

A  MINERAL  called  cobaUj  has  been  long  in  use  for  giv- 
ing a  blue  colour  to  glass,  which  has  been  found  to  con- 
tain a  peculiar  metal,  possessed  of  remarkable  properties. 
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When  pure,  it  is  of  a  pale  reddish  colour ;  is  soft  and 
brittle,  so  that  it  is  easily  reduced  to  powder.  Its  tex- 
ture differs  according  to  the  mode  of  preparing  it,  being 
sometimes  foliated,  at  other  tim^  gpranular.  Its  sp.  gr. 
is  8300.  Its  atomic  weight  32.5.  Even  when  pure  it 
is  said  to  be  magnetic,  and  may  itself  be  made  into  a 
magnet.  This  property  of  cobalt  is  supposed,  however, 
by  some,  to  be  owing  to  the  presence  of  iron  ;  but  Tas- 
saert  asserts,  that  it  continued  to  be  obedient  to  a  mag- 
net, after  means  had  been  taken  to  remove  all  impurities, 
and  when  the  tests  could  not  detect  the  smallest  quantity 
of  iron  in  it. 

Cobalt  requires  a  very  high  temperature  for  its  futioO) 
180  of  Wedgewood  being  necessary.  When  cooled  slow- 
ly, it  assumes  a  crystalline  form. 

When  heated  in  contact  with  air,  it  forms  an  oxid^ 
which  is  at  first  pale  blue,  but  gradually  becomes  darker, 
till  at  last  it  appears  black.  If  the  temperature  to  which 
it  is  exposed  is  high,  it  bums  with  a  reddish  flame. 

Oxids. 

Cobalt  unites  with  two  proportions  of  oxigen.  When 
to  a  solution  of  one  of  its  salts,  potassa  is  added,  a  bluish 
precipitate  is  formed,  which  is  the  protoxid,  composed, 
according  to  Thomson,  of 

metal,         100  1  atom,    32.5 

oxigen,         SO  1  atom,    10. 

On  exposing  this  to  air,  particularly  during  the  pro- 
cess of  drying,  it  absorbs  oxigen,  and  becomes  of  a  deep 
blue  colour,  indeed  so  intense  as  to  appear  black. 

This  is  the  peroxid,  composed,  according  to  the  aame 
authority,  of 

metal,         100  1    atom,     or    2 

oxigen,         45  l^atom,  3. 

The  protoxid  is  soluble  in  acids,  giving,  in  general, 
reddish-coloured  solutions.  The  peroxid,  when  acted  on 
by  them,  is  decomposed,  losing  a  part  of  its  oxigen,  and 
being  reduced  to  the  state  of  protoxid.  When  muriatic 
acid  is  employed,  a  solution  of  the  proto-muriate  is  ob- 
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lained,  and  chlorine  is  disengaged,  the  oxigen  liberated 
having  combined  with  the  hydrogen  of  part  of  the  acid  ; 
•0  that  the  action  is  similar  to  that  of  the  black  oxid  of 
manganese.  The  peroxid  seems,  therefore,  incapable 
of  uniting  with  acids. 

The  peroxid  is  also  decomposed  by  .heat,  air  being  ex-^ 
duded,  by  which  about  10  per  cent,  of  oxigen  is  disen- 
gaged, and  protoxid  left. 

Cobalt  is  easily  dissolved  by  the  acids,  and  forms  salts 
possessed  of  sympathetic  properties.  Though  these  may 
be  formed  by  the  action  of  the  acids  on  the  metal,  it  is 
seldom  employed  for  this  purpose,  the  oxids  of  commerce 
being  generally  used.  The  most  important  of  the  salts 
is  the  muriate. 

Muriate. 

This  may  be  prepared  by  dissolving  the  metal  in  nitro* 
muriatic  acid,  or  the  impure  oxid,  called  zaffre^  in  mu- 
riatic acid,  by  the  application  of  a  slight  heat.  The  solu- 
tion, when  concentrated,  is  of  deep  red  colour,  which  be- 
comes paler  by  dilution.  If  a  sufficient  quantity  of  water 
be  added  to  make  it  colourless,  it  then  forms  a  very  fine 
sympathetic  ink. 

Traces  drawn  with  it  on  paper  are  invisible,  but  when 
dighthf  heated^  become  blue.  As  the  paper  cools,  the 
traces  disappear,  and  the  more  moist  the  atmosphere, 
the  more  rapid  the  change.  They  may  be  again  re- 
•t<Nred,  merely  by  heat,  and  these  changes  may  be  ef- 
fected any  number  of  times,  provided  care  is  taken 
fiot  to  injure  the  texture  of  the  paper.  If  the  solu- 
tion of  cobalt  be  mixed  with  other  substances,  different 
colours  may  be  imparted.  Thus,  if  a  little  gamboge 
be  added,  it  gives  yellow  traces,  but  which,  when  dried, 
become  green,  this  being  produced  by  the  yellow  of 
the  gamboge  and  blue  of  the  cobalt.  If  mixed  with 
lake,  they  become  purplish  when  heated,  the  red  and 
blue  yielding  purple.  Amusing  experiments  may  there- 
fore be  performed  with  these  solutions.     Thus,  when  we 


wjl^  to  make  a  landacape  change  its  apjpe^r^^^Kiy 

iPMi  a  winter  to  a  summer  scene,  the  truuks  of  the  tfees 
.are^coloured  hrownisli,  wliiJe  the  leaves  and  fore-groiii^d 
.are  covered  wifh   the  cobalt  solution,  to  which  a.^yery 

littje  gamboge  is  acfJeil,  hut  not  so  much   as   to  .i^ive  ^t 

colour.  Oil  heatinj;  the  paper,  the  leaves  and  fore  groupjd 
^betxime  green,  and  thus  ehange  the  landscape  froaiw  jtijer 

ti^  ^uminef-. 

%'hich  IS  frequently  the  ease,  the  colour  uf  the  „tr^<;es, 
shen.drv,  is  not  blue.  If  copper  or  nickel  h.tf  jjre^nt, 
they  become^reen ;  and   the  last   nienlioned  metf^l  yet;y 

.frfiqupntly 'exists  in  cobalt  ores,  and  remains  w^th  itiip 
zanre.  '  It,is,neceisary,  therefore,  if  we  wish  a  pure  sym- 
pathetic  mk,  to  remove  the  foreign  metals.  (Ace  Aicfcct.^ 
TEW  rounaLic  solution  of  zaffre,  however,  w(ien  it  cpn- 
bliDS,pickeL  answers  for  the  traces  becominfr  trreen,  so 
that  there  li  no  necessity  for  the  a( k  itioii  of  i;anjbojie, 
..Cbbalt' unites  with  other  metals,  hut  iho  alloys  presyit 

*oothi^g''i;ter^«ting._  ^^  ^^^  .^  ^.   ^,^.^m 

Cobalt  IS  found  m  union  with  other  metals.     It  has 

been  detected  in  meteoric  stones;  but  the  principal  ore 

is  that  with  arsenic  and  4i4ptW)  and  from  which  it  i* 

d.     In  the  difiere 


vtinmtsv 


usually  obtained.     In  the  difierent  processes  to  which 
the  ore  is,  subjected,  ^ubstance^  emiiJoy^d  in  the,juts, 

undet  the  names. of  xaffre  and.Muw,  are  form-      — 

oJ'inn\^r.Mflx-)T-r>".-ri\'^mi  ■••nn\,e.  toi  hbv  .vtiiiiT. 
.from  which  the,ai£tal  Jtself  rtlay  he  iirocureic 

.     To  prenare  zanre„  cobali  ore,  contajamff  arse 
10  amjGtf^ffl  vif.ti  -.j!  (I Jill'/  ij  ,I[J^ra.iii7Tu3og  -^~ 

«ther  impunue^  is  exposed  to.heat,  during 
WwiatlE  jpiT  _y-iv^,jrflTih    l.nfl   V.  'noiit^ifl  ^ 
Bioerable  quanntv  of  vaiiQur  is  giTen  oS.  ,  W 

have  ceased,  it  isrenSjved,  powdered, 'and  a  8e 


fiB;kij>(.t  uJf.ii.lf  i>/,,u*^:;t  d'  iiuiU.n'r/'), -jrla   . 
wnicn  It  IS  anefwftrds  qior^  easily  redjuced  t 

It   may  also  be  ^btujiedi  tiy  exffijsidk.to.  a  ^ti'mi^heat, 

a  tniztui'eo^  cobalt  ore/flmts,  ana  potauies,  by  wJij^di 

the  previous  preparation  of  zaffre  is  avoided.     ^VKe^ 
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floperly  formed,  it  is  a  blue  vitreous  substance,  hence 
•ometimes  called  azure  blue.  It  is  used  for  giving  colour 
to  glass  and  porcelain.  When  mixed  in  very  small 
iquaotity  with  the  former,  it  makes  it  of  a  deep  blue,  4 
or  5  grains  being  sufficient  to  colour  an  ounce.  It  has 
die  advantage  of  not  being  destroyed  by  heat,  a  proper- 
ty not  possessed  by  other  substances  used  for  the  same 
purposes.  Smalt,  when  mixed  with  starch,  forms  blue^ 
Qied  in  washing  linens,  to  prevent  them  from  becoming 
yellow. 

.  Cobalt,  in  its  metallic  state,  may  be  obtained  suffi- 
ciently pure  for  most  of  the  purposes  to  which  it  is  ap- 
|died,  by  heating  zafTre  with  three  parts  of  black  flux 
(burned  cream  of  tartar)  in  a  crucible,  till  fumes  cease 
|o  come  off.  When  required  free  from  the  metallic  im- 
purities always  existing  in  the  ore  from  which  zaffre  is 
prepared,  the  muriate  is  decomposed  by  the  salt  call- 
ed oxalate  of  ammonia,  by  which  a  reddish  precipitate 
df  oxalate  of  cobalt  is  formed.  When  this  is  heated  with 
black  flux,  it  yields  the  metal  pure. 


NICKEL. 

>  TtoE  ore  called  kujifemickelj  found  in  different  parts 
iji  Oertnany,  was  for  a  long  time  considered  to  belong  to 
the  oc^per  family ;  but  Cronstadt,  in  1751,  asserted  that  it 
contained  a  peculiar  metal,  to  which  he  gave  the  name  of 
nickel;  an  assertion  at  first  disbelieved,  but  afterwards 
prov^  by  the  experiments  of  Bergman. 
;  Nickel,  when  pure,  resembles  silver  in  appearance.  It 
is  possessed  of  considerable  malleability,  and  may  be 
beat  into  plates  of  1-1 00th  part  of  an  inch  in  thickness. 
Like  iron,  it  is  obedient  to  a  magnet,  and  may  itself  be 
fMide  magnetic,  even  though  the  most  delicate  tests  can- 
not detect  the  slightest  trace  of  iron  in  it. 
;  Its  sp.  gr.  is  from  8400  to  8932.  Its  atomic  weight 
82.5. 
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It  requires  s  very  high\tem^rature  for  its  fusion,  the 
fusing  point  being  above  that  of  iron,  and  therefore  at 

^^]k<»  nM4iK«rM%  <iic^ftr^"t6^  ^r,  Uit^mt^'hkttUlA 

If  «tHl!m'li*Wrifcj^  Ifghf '^Il(«^J="thte=a«iiW'^yfel»#?iMl 

dry 'viiyiet'bolott^,-' ahd ' U^l^'lUitft;"' li  iBlBflMlFj^lbWi 

'tVer;'te"6«(k<fe'ft!'ioAplrta>"iri^Wyy*^.  ^'•''-^    n^'rf'''^ 
•Jiu((,-.  i;  ii..  -'r-u-j      )M   11   «;:)i,rii;;!j  ibic)  V   ,n«oh  nv/oirfi 


m&UKr,t'kD4'kit«rB;  ih^'p^UHiii^ieiiii  «y^b»-><«»ffi)«MSd 
«IPlOe>oFl')^t»'tl6^  Srr"i^<.i^«%eR'i'  %liil4  Sr^xt^mm 
■JWk*iii'5f  ■    ^'' '  '     "    ■  ■''  "■' '  '^''  '-■>;!(•  ifoijulo?  Icoeiaoca 

^^fm  m^  «iay  iM^^t^/^ed'Vy  tl^  «ik$«d»q»iF  lihvkl& 
kali  to  the  solution  of  nickel  iB(!ttlti^%6iai<'^'  ■=»  ^^^^'"^  "^o 
The  other  oxid  may  be  obtained  by  passing  chlorine 
gas  through  water,  holding^he  pi'otoxid  suspended  in  it. 
By  wUid^ 'the' bfiloft\le,  uniting  ^h^thWbydS>«i@iP«^'ihe 
flUid.'imfJarto  i<i6ye  dx^eii'  to'4be'«(iidiI  kd  bdbv^fl^Ii 
iH'^ifinitS"-  Tt'fa^pefiM  tin  )>«  A^  iMlbpM«ai'<<!tf{Mlfa}M^ 
oSHi'tAli' ii<h&{  tt»  triu(fi'tixiMii^klt«  ittbtait)d<i''lkl«H]tf 
^|Mi|iiM)Jt»fhntf'Vhlih  Uii«>«»U^8itels<JKa«rff^  ««<%> 
Be  means  satisfactorfy/  '"I    '  '  •^■""  "  .a-u^hjqa  oJaJiqbaiq 

it  is  converted  to  protoxid  by  the  acticili'>ift^M  Jk^4im 

^'la^aKiliik  ilstf  "^etiUitf i    )Wfte)i'"tli)tMi^I'«Staiiy»' 

ui^^to'th'fe'  6xc^<fa  k  «iig^  uliit%>«fth-  MJh>hydW%t!^ 

'!K^d^^%e'kli>i^'aet  tin  tiicke^<"«M<  ft^i'M^^'tt 
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■  This  may  be  formed  bj  the  solutioa  of  ^e^mtUl  i|i  di** 
|[^^M},(iiiric  aci4*  It  is  of  1^  adbch  gveea  oq^ur^  and  af- 
If^fitfo  Qry^talsr  \)^  evapor^tipii.  Oo  the  additiov^  of  the 
alk|^e$.APd  their  ;CarbonateS|  the  oxid  or  carl^ooale  jfoa]? 
bfli,gfeqipt«f0d.  The  action  with  ammonia  is.  p^uliar. 
When  added  to  the  .sokif|OB,i.  a  bluish  ,pQwdep  \a 
thrown  down,  which  changes  in  the  course  of  a  short 
thnetored,  and  afiterwaribv  tior  violet.  On  adding  the 
^^)l^  j^q  ef^ss,  th^  precipitate  difapp^ars,  i^id  h^^^i^.ihe 
I^§^|jf>4r0^s<pparatuig  nidkel  A^m  many  other  lyietals^ .  |(t  is 
eni4f;Qj^ihoiirever,  thai  it  cannot  be<  separated  iui  this, mvf 
^Pwi  ^pp^ri 'fop  the  Qxid  of  it  is  also  solubb.  in  afmnfv^ 
Hifl^fn,  ,7r|ds^.«  however^  easily^dowlty  bringing  tW)lu^ 
Boniacal  solution  back  to  the  state  of  a  salt,  by;  tliewjU 
dition  of  nitric  acid,  and  then  transmittipfp  a  stream  of 
sulphuretted  hydrogen  through  it,  by  which  the  copper 
o|4y(4s  ^posited  in  the  state  of  sulphuret^  so  that  nitiate 
of  nickel  is  left; ia  solution.. 

)i{Fei:rQ^ya9flt#«oC«iiiflk4  is  of  a  gjcMtoi^  mIw^  I^ 
«|i^ib#fferimd  by  the  addition  of  ferxq^aii^te.(0f  ijpph 
tpjaito^^ti^.nilra^^  and  baic0  the  use  o£  this  salt  as  9^%f^ 
al|k  nioliel,!  for.  by  adding  aiamoaia  in  excess,  fi)tQrinj|^ 
adding  a^  jSf^,  and  then  the  ferro^yanate^.^^.gr^fefS' 
jffiecipitate  appears,  if  nickel  is  present. 

v)|Hi|Ei4'imte9^?)nitb  other  jmetab,  but,  the  allogwpriBHfiit 
imftflpig  ini^eresting^. -a    .-.    •  -  .^^  :  •;r>.nrn  ^r  tr 

.pNMqtlia  pbt4ined  by  f  T^rj  tedious  .pvoofss^  i^romr^ 
OffffOBUOonly  called  spcwy  containing.  ehie%  n^kf^  fi^. 
ainpiu^  •  iFor  ^kdB  purpose  it  is  dissplyed  in  a  ifii:i^ture.|pC 
nifevia^usd  sulphuric  aaid,  by  the  aid  of  heat^  by.wbifl^ 
siijipbfite  and  arspnateof  pfickei  are  formed^  and  held  vi^\ 
s()lutioii. .  On  evaporation,  crystals  of  the  former  arf  i)^ 
posited,  and  by  passing  a  stream  of  sulphuretted  hydfo- 
gen  through  the  mother  liquor,  to  throw  down  tlie 
nic,  more  sulphate  will  be  obtained  by  farther  eva 

If  2 


tion«     These,  when  dissoltcdtoin  water,  and  mixed  with 


and  exposing  to*  lrfed'hteti(Ali:Ph."iiV.^^'"^'^^  *^  ^'"'^" 
Theuitrati;^  wlir^  eiposed  td  i^e  oid-^rogen  blowr 
pipe,  also  yi^ds  rtfekd.  ^  ^  '       "  -'  ^^ 

"""fHiika  bis^be^ifotiii^  in  idi  tud'diir^k&t?'ii^^*i^i^^ 

different  varieties  of  ii^^tic  8bii^V^W\iti^^  ^M.'^lb 


union  with  copper,  iron,  and  zinc,  and  which  is  supposed 
to  be  obtained  from  a  natii^^>|iitoduction  called  white  cop^ 
per.  ore.     The  composition  of  the  white  copper,,  I  have 

2i>vIo^?[l)--.f  .'i-iF*       '  CADSfttrSf^'l  ^^-''^'''^''  "'  *i^'io'ii"iA 

#  »  1 

heated,  was  s^ixi^'id  CckiB^'tifti?^  W%ltf-%«e^ 

t'''€<idnHihit  is  of -^  light  ^^metiti'tdHHaVtiii^kB^ 

a  fine  polish.     It  is  of  a  caaipkti  iikm^^mii  ^Skmi 
fld  of  malleability  and  duc|^'ty.     Its  sp.  gr.  is  8600. 
Its  atomic  weight  70.         '  i 

^^^Mftma^  m  etnhpitfatitely  i  f6#''<^^>«^Ui#<tiMi 

HHiV<the>lK>iIing  ^m  of  ^V^i>^,  'pii^  'b^  ■hi'Vk. 

^irUai  ctnidrases  undri^tig^  id  itt'^ibtJ^kkHlii^^ 
t'lliirt'bf  tite  appsfatui.  -•'    '-  ^''-'f''"  '''^'  fi'-'.'-'-'iy  X**- 

muuub^i  aibjrii^'    inn  naob  tr  JsoaiBriD  ban  laqqoa  riJiw 


^hl'PM  IV 


.If.!W^W  ^«^M,?9nt*ct  with  air,  it, m,  ^j?fla|^^.flpd 
Ibrms  a  brownw^.yelloiw  pjti^vfompqsedjgf  „„j^.  ^^,  i„.: 

oxigen,     14.36       l.atom   JlOr ,  ,,.<r,  .om.. 
lo  )fA'M?^.ffP*.^J»%iftny!«l¥Pge  fej  .wppsyre  t<,i^  ji,1^84 

^^.l!^  ff^ej*Tedu9^4  ift  v.t^tJllzpi  •  >  i,  ;,.  ..wfHL- 
-hlMftif^^Weia  aipnjopia,  ,bM,t  not  in  ^e  fi^e^.^alji^j 

Wi-jW  ,^^  Mtte''  '^^fP  ,WiW  ?f  Sjioc,  i^nce  a  jo^ftho^  ^ 

l)'J80f[qfirf  =•!   I'j.  ■  ■    .'    .1      ./:i;v   Ij/,:      T'::'         ••;i>i    •  (I'i'"   floiflU 

less  salts,  which  are  decomposed  l))',.^  ^qe^^ j^a^e^ 
and  hence  a  method  of  procuring  the  oxid.  As  thus  pre- 
cipitated, it  is  white,  owing  to  the  presence  of  water, 
j^mnonia  in  excess  pr^{HtaM»  k)  ■  and  then  re-dissolves 
it.     Sulphuretted  hydrogen  produces  a  change  similar  to 

f»4>Mww.^  ^P(!«S»pi<ft^  from  its  Wilts  45^  i^  W^^^ 
dritic  appearance.     On  the  contrary,  when^.A^,pi^,i^ 

fmS^vA^if^fSf  «;*.4.eppait^  hy^  thp  caijjnji^ift  ||p. 


•  rir  r 


l4V>P9  ]^;4t  jJ3UB;iejis  i;ip  4wger,w^        of  jtbe  fp^jH^n;^ 

they  give  off  the  whole  of  the  ca^ipi);^^  H^^c^lhoftgE 
iNrass  is  frequently  made  by  exposing  zinc  ore  to  heat 
with  copper  and  charcoal,  it  does  not  contain  cadmium ; 
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indeed  1-1 00th  part  of  it,  if  present,  would  deprive  it 
completely  of  malleabiUty  arid  ductility. 
^.  Cadmium  is  obtained  by  disfiolviiig  ihie  ore  in  sulphu- 
tie  aoid,  preciptatng  by  sudphiimtAefil  hjdwogem^-i^siSLvT 
itig  the'product  in  muriatic  acid^*  and  adding  n&bfoiiite 
«f '  amVfaonia ; :  carbonati:  of  cadmiuoDi/isidefklsited^i.lmd 
UrDin  whicsh  the;  metal /can  be  obtaiaoKt  ia.  tbe  vunL'^iMif 
Jd€' redutflmi  by  ckarcdiL    '  >-   -•     .'i!iii<>'!  u/ij.  bi:>i  .buf. 

,  jjuiui.iiii.     i«.    rt.-'.'-ti  y/     u     jMj  :u  .i^r'.  ^lU)  rr{>  ji  jir    b^ji^jt^uii, 

V^AiSwsminmiDinerAli  considered  aii.«reofJiinttf^«An^ 
^aa-bj^'Becxelius  foiuutd  to  ooaiaia  a.  peeulilD  metal^ilD 
^hidbihcgave  tbe  name  of  C^mim ;  tbe  Ipkuiet jGncb 
liibiiii^ibofR. discovered  m  dotoji  tiine  befoMbryi  /Itlia^dMq 
been  detected   by   other;  iol^e»ist8^(:pai4iculad^,;iii'jdi# 

piW»  \  asc/  ndi  aoquauited  jvith  the  pfOffsttiei^ ikt^oomxm 
ihiit&^Diistrilic  statev  baviag^beeii  toi])reAidbt^qddiir'mi|r 
minute  quantity.  Its  oxids  are  procured  fboift  tberosoi 
IB  vUcb  tbii  i|)etal  baa  Jbto»>|detfci6d*  (tjWheiKiifealed 
«kb:  nitriMtturMlic  acidi/.#Qd,aft€iriifievilniisiiigitfa6j«« 
cei(8  of  aeidi  •ttdcting  oaadtttt  6£  M^moiiia  tQ)ibbet(wli^tioii^ 
9iiAite;f)9f«;ipittte.  i»  predoced^  ythii^imhm^isxfmmidJsmi 
some  tine  to  beat  anditti^:diaedbi  imigeg^  puijh^efom 
^r-oxid  of  a  reddish  colour. 

.IThe  Oxjds  of  oenum  are  sqIi^ ble  ia  «0i4^  fanM^Mka 
bovtpg  a :  isweetish  taste,  and .  easily,  de^mpoaed  by^  ibfl 
alliabe9».{c!  ..  ,..         "'^   .i-. .  .■  ;       [,r>:o 

<i3}beibitfftt%(i^  0a(|)«imre  t^  beal,  JaaveailbeirtdJiaddiil 

dTbe.Mlph«lie}fo|.|Jk  {>r«toxid.hw  >s  -riiisht-te^^ 

tjl)g9iiiitb«jiief«ialj}bateis.9Pi»U^iif.  .     j^^  •>  ^..Mhiu/j  .uidil 

.,fXb«4wrkK^  whiQjeYii|^Fa(|edte.dcyiietp»  aod  JlMtai^i. 

bMiili»  ^itb.A  j#Uai^  ^WH^-    Tbese.  tsidls  wo  tti^i4i|» 

wmposcldby(iiM%hu|^i€d  bydrqg90.ro      ivj  nii  ji  niw  ii. 


UiRANIUM.  'aijD 


vniiUiJELANIUMi!K<)!ir.iii  '^»  /:  >t'<;<Hiio' 

.*/IUjuAauui|II^  waardiiBoovered  by  ViiiiqiiGliniia'diie  omiecid 
l$MBdiMiciUifide,^  in  whitk  it  exists  alon^iidfht  dt^opr 
JEmtalkjn^i^eippocesB.given  bj  ISiomtati  (First  tFfi)  flir 
(Mcikii^  il^  loonsifltis.  in}  digesting  i  the  numeral  in  niurie 
acid,  and  after  boiling  to  drive  ^>exo^s  ^;acid^  pnedi* 
pitating  the  foreign  metals  by  sulphuretted  hydrogen. 
The  solution,  when  filtered  and  boiled,  is  then  mixed 
with  ammonia,  and  the  ^e^Jj^tdte,  after  being  washed,  is 
digested  in  a  strong  solution  of  carbonate  of  ammonia; 
anfti^visVth'Us  obtaineA^  which  yidtds  -yelldw  cty«tsdl  of 
ctfrbbdate  ofi  bmnfonaiiand  of  'ukwimhiiJ  '  On^:<dxp6sing 
dm^^t^auiqi  fa^at,  <ncid  of  ilraniam  is  j^rocnred  ;  ii«d^by 
pa8Sing>.ii*kream 'o€  hydrogen  ovdr  it,^"  thd'OitigenisraU 
«C»actQd,viaid< the im^tal  left  )flure«    '        /     ■  r  ,,t -Aj    .r 


I 


Uranium  is^ adxnrding > to  Arfwedson,  (Stock.  Aioad. :  bfi 
SBienoas,il»^fi,) of  a ^iver-colour,  Dota^teredby  cspoMre 
lipBr,iibikt>wheah'hiea/ted  in  ointact  with  it^  taU^fivey^aoui 
Iwcroinffa  omridl  I  *'       .','., h-.aii^ -yumur 

bStvimiCasii^th  iwiO  priportidnsof  lorigen,  forbidg  a- 
gweLW  br  |iiot(ind^  and'  H  ^  peroxid,  >  whlcfa:  Mems  to  hkw 
HOdipiM^itiesi  iiXhot  first  of  these  U  obtaided'  by  the> 
pn3cl»ft  •iif /ThomsoBy^  already  desci^bed,  bu4;  <  the  last  Jiaa 
Qolijpet'jbete'psocajred  uncoBkbiaed.  ^.:  r  ■  -:  *- 

Salts. 

The  salts  of  uranium  con^n  both  of  the  oxids,  but 
itiK^difleutt  ta  procure  4  pUreprMMftitjtftidia/^heitin- 
ddby^^rliicfothe  pibti^ktd  haa^to  plM'td<the^»fot6  ofipeiw^ 
oxid.     They  are,  in  general,  of  a  yellowish  colour,  'lind^f 
lildbr  oAbvimdtidlic  salti^  <a^e  de^eompotted  by  the'  alkalies. 
TlM^l^slsO^lJidwevcr, 'sbmetknos  eibteil  intb^  4liUi»i  -^Ith 
Ibem,  forming  triple  compbui^ds.  "On  Ae  isdAMr^j^- 
admenik  !to  &  per^-galt,  the  peroxid  is  depodtedwi'imidn, 
api^BMitly  Twi^part  el  the  alkali,  fonning  a  cditipocmd^i 
in  which  the  oxid  seei»i:4tf  Wt' tJte  f»ait  «if  tti 'lUrMb-' '^Mrc^ 


1^  CHfl(WV«5KJ^. 

jirri:     <.:i7u.«j    t        m;!!',!    '  ■  ^ .'-  -^I'p.i  iMifx'ii  '/('  hnj;.    .  kj^joj^oci 

^^^TW '6i«kfe'  yc^'toi' W^d^ydrib^'  c»lferfl^«»>  Ae»Jpfb. 
*WKfi^ ^ ik^ ' thik  t^^yct;  iMi^ they'  ^ tfei? ' 4riflA'^ <i«ft*i' Wm 
"^JgfenViWd'ftjM'aWtrs,  dtl<^i«  iri'so'fW,''itwiPthi^*j¥» 
salts  by  combining  wi^b  tTf^'Wlk^li^^,''^esb^lhi;'diid>'l»§kll- 

in  along  with  acidifiable  bodies,  but  >^''t}liy^fay»y<)»o|)y^ 
been  satisfactorily  established  to  belong  completely  to 
this  class,  I  have  thought  proper  to  allow  them  to  re- 

•.)d.t    U)  •jjiii.u:.ii\i\  .    ..if   w  iiii'->i-    ji.hi'iM   >fli    rbi'jii  jniin 

''^'CiiWittiuii'  was  •<iite^l^a^l/f'^tfA'4«6lw4ii'"lfgTli 

an  ore  long  mistaken  for  red  lead,  and  in  which  il!^w& 
found  to  exist  united  with  that  metal.     It  has  since  been 
detected  in    other   mineral^,    but    particularly  in  that 
lately 'discovered  by  Hibhert' in  ilie  SSeilanif  i^m 
find  now  known  by  the  name, of  XJfyromaie  qflrof^. 

vVe  are  very  little  acquainted  with  cnrommm,  in  its 
metallic  state,  navinfi:  been  as  yet  obtiuned  m  smaliquaii^ 
fity,  and  of  course, not  put  to  any  use.    ,  ,      . 

.  It  Js  of  a  whitish  colour,  siimlar  to, that  pf^iron,  ^TO 
sp.  irr.  IS,  5900.     Its  atomic  weieht  35. 

Its  compounds,  however,  are  valuable  frpm  the  ncn- 
Tiess  and  'durat)illty  of  their'cblour,  an^  consequex^^  irpm 
tneu:  application  in  the  arts.  .  ,^ 

Chromium  combines  with  three  proportions  of  oxumn 
forming  a  green,  or  protoxtd;  a  brown,  or  aeutoxid;  ana 
an  acid  called  chromic*  '^ 

■^/Tjr.t.  ::     .y:  ...-.  Chromic  JeiA         i.r,.  ,.,.;,», 
Chromie  alcid  is  procured^  by  idigeating  rapeiitedly  the 
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^romic  iron  ore  with  nitre,  by  which  the  metal  is  acidi- 
fied, and  unites  with  the  potassa,  forming  chromate  of 
potassa ;  and  by  mixing  this  with  nitrate  of  baryta,  and 
jJlfln,,4eci(i»po«i(g|  tV!.,cliroroat^x»f,,b«:3rtj.,by,sulpi»(uric 
illf!i0,i4heisulphetei()f  the  cartjiis  deposited,,  and  chrx^c 
1MJ4  Ipfti  in  solution.  %  filtratjpn  apd  eyapgration^  vv^^yr 
4BlQBr^,sryrt«J»inay.beobt«ined.  ,  ■     ;!. - 

lH'<<HbSf^p.,aci4,MnMes  whtv  solifiabie  baseB,  and  f^oifm 

o)  /M'jf'toiu,"  .  -^-i-i    ^'■.  I  -jM,.;  ,  -'■■     ,  ■  .       ..,,,j 

.^T,t     ,„..,!,   -.^If,      -.      .■■?*?f^'^-,.,„.-      ..,        '       ..        ..nU 

.  Deutoxid  was  prepared  by  Dr  Thoix^spn,  by.dig^8^i|^ 
chromate  of  soda  with  alcohol,  by  which  it  changed  from 
jrellow  to  green,  the  chromic  acid  having  become  prot- 
oxid.  By  evaporatioB  to,  drjip^fs,  and  digestion  with 
nitric  acid,  the  residue  assumed  the  appearance  of  the 
Jp^^,or,|deHtai^d^  but, supposed, |to  be  iij  i^jiofl^ith 

jffll^"r:   ,hi,r.,    ,.H,/r:-     .t>,.|-,..     ■,     i,-,.i:.P,   -^      -,..l',ir.     .   ,-. 


acid  to  the  Bulutioii  of  a  chromate,  by  \yhich  the  ctiromic 
jKid  becomes  pfotoxitl,  and  remains  in  soTution  comhmed 
with  tlie  acid,  but  tan  ha  tlirown  down  by  aranionm :  in 
which  state  it  is  a  light  tasteless  powder, 'cqntaimiig, 
a£ter  being  dried  by  a  stight  heat,  8G.7  per  cent  of  Water, 
or  1  atom  of  oxid  to  26  of  water,  the  largca^^number  of 
atoms  known., to, exist  in  any  hydrate,     (first'l'nn.T, 

1X1^  .insoluble  in  water,  but  soluble  m  tKias^, forming 
•alts.  The  inuriate  is  soluble,  and  of  a  fine  green  colour. 
The  sulphate  is  insoluble,  but  the  colour  is  hot  M  rich. 

The  composition  of  these  oxids  has  not  been  established 
by  experiment;  but  pArtly  firotn- reaAdniBg  on  the  atomic 
pro^rtioQs,  and  partly  froin  the  analysis  of  the  chro- 
jmatea.  Dr  I'homson  lias  given  the  following  as  t^ea  coo- 
nituent  parts : 

NHiL     Oilgcn.  WOL  Oi%a.'  "' 

protoxid,         100     SS.5     1  atom     1  atom 

deutoxid,        lOO'    67.       1  atom     2  atoms 

»t'  /iDoiitwnic^actd,  100    86.5    1  ntom    Satons. 
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rtiTihe  only 'One  of  these  compoundhi^  of  atiymtcareill^  is 
t^fr-acid  ip<hich /forms,  with  some  o£<  the  jdlifilHbl0<iMiae% 
^eiy  in^ortdnt  compounds*  i  .'^u*    niuhih 

Chromaic  qfPfAaas.. ..  ,-  ,  ,,...  ^j/n-.  jd 

•  ;-  This  salt  is  prepared  by  fudi^  dMome  iml'tOffeiiStb 
half  its  weight  of  nitre,  anddissolviog  thetceUdiietinivfi^ 
ter,  adding  nitric  add  ta  saturate^  the  ecxice8s>!of,laUcBlfj 
and  cry stallizing  ;the  undecomposed  mitr^  hy^^^fprtdmk^ 
The  residual  fluid,  when  poured  off  and  eyapariited|rinll 
jriekl  crystals  of  chromate,  of  a  bright  yd^owfoaiofi^^so 
intense^  that  a  grain  will  give  a  ytaUm^itirigdotofabcMBlt 
40^000  of 'water,    j  :•  'U'-*j   .-..   ji?)  lycm^ri  /t^ 

It  is  soluble  in  aboat  twioe  its  w«ghtt<of^ooU  wditdr^ 
«ttd  in  any-quantity  of  itiata^boilihglieatKii  ^^ 

nit  is  composed^  aecoidingto  ThomsoB,;  of  <'•  t:  rn  n(i'> 
"    ;  .  aicid^  .  >-.  5£    \  >>  latfmi  .i. ;••.<•';  irn  lu' 

potass,     48  1  atom,       •>  x     ^3)m(; 

and  is  therefore  anhydrous*  i  :<  >   .  >i: '     (  /i/.   (14 

:  It  is  easily  decomposed  by  other  re-agente.^  andxIiBiritt 
the  methods  of  prepaHng  thd  dfffierentiiomnponBRlsi  of 
chromium.  Its  decomposition  by  nttrf,te  of  baryta^' wifek 
the  view  of  procuring  chromic  acid;  Ihks  beenalreadji 
noticed.  '   •  -  *vl'  rWlKulB'' 

:When  the  solution  of  the  chroniate  is  heid^ilaied  wiik 
sulphuric  acid,  it  gradually  deposits  cryji^k  )of  Jar  Mk 
l^^our^Jand  whi^,  on  analysis^  >  ^ce>lbund^toile^ 
if^omak^  part  of  the  alkali  having  been  absttpaeted  hj  ttm 
sulphfiric acidk  ■•  >  r^- •■:'*-)'kI 

It  is  soluble  in  about  10  of  cold  water,  the  soluti^ 
btifi^Aof  a  deep  orange  'colour.  .  . .  : ,  v.>  ^  rD 

n  According  to  Thomson,  it  is  composed  of     < 

acid,        68*6  9  atoms  '-nu^ 

potass,      31  .£  1  atom.  b'.Iifr* 

The  properties  of  the  other  alkaline,  and  of  the  earti^ 
chrom^tes,. have  not  been  examioedi  . .  i :  ^  :  ^   / 1 


BI-CHHOMATE'  OF  POTASS.  1S3 

-'  ^hejtictallic  dhromates  are  all  formed  by  the  decbm- 
posifeJon'  of  the  cfarotnate  of  potassa^  and  as  they  are  of 
different  colours,  and  not  liable  to  change,  they  are  much 
employed  in  dyeing  and  in  calico-printing ;  and  hence 
the  chief  use  of  the'  alkaline  chromates. 
cliiOn^addiiig  a  solution  of  nitrate,  or  of  sugar  oi  lead,  to 
th«t/b£>bi-cdiix>iiiBte  of  potass,  «  rich  yellow  precipitate  is 
(bnolfad,!' now  much  used  in  the  arts  under  the  name  of 
eknmeygeUmoji^iottbe  nitrate  by  weight  beiog  requisite 
fiv/tUrydesomposition'  of  1  of  the  alkalme  salt. 
oeTk»(ilHun«  powder  may  be  formed  by  the  addition  of 
llHekkalt<:of  Jead  id  the  solution  of  the  product  obtained 
by  fusing  the  ore  with  nitre,  having  preriously  6«turat^ 
€d»ifc«  latoesftof  alkali  by  nitric  acid. 

When  carbonate  of  lead  is  boiled  with  solution  of  bi- 
chromate of  potass,  a  6ub<>ohcomate  of  lead,  of  a  beanti- 
ftd  red  colour,  is  produced  ;  or  it  may  be  obtained  by  a 
process  recommended  by  Grddvelle,  (An.  de  Ch.  et  de 
Fb.  xix.)  which  consists  in  boiling  the  chrome  yellcrw  in 
wiwtinh^Df  potassa,  till  it  becomes  of  m  bright  red  colour. 
'toTU%  acoording  to  Badams^.^  (An.  of  Ph.  18ii5.)  is  a 
^Uhehamute,  composed  of  i  atom  of  acid  and  2  of  oxid* 
I^JMiTecommended  by  him  as  a  durable  paint,  and  as  a 
valuable  dye-stufil 

The  yellow  chromate  is  itself  much  used  in  dyeing. 

Chromate  of  potassa,  -with  solution  of  nitrate  of  silver, 

gisBs  a  dat'k  red ;  with  a.  salt  of  mercury^,  a  fine  red ; 

with  saltof  <!opper,  a  brown  precipitate. 

-tSiabe  chromate  of  potassa  is  thus  so  easily  decomposed, 

aoifl  aArds.  different  colours  with  metallic  solutions,  it 

becomes  a  valuable  substance  in  dyeing  and  calioo-print- 

•  

Chromium  is  supposed  to  exist  in  the  red  ore  in  which 
it  was  discovered  in  the  state  of  acid ;  and  in  the  common 
dnt>me  iron  ore,  or  chromate  of  iron,  as  it  is  usually 
called,  it  is,  according  to  Thomson,  in  the  state  of  deut- 
09Bfld$.in  combination  with  oxid  of  iron.  It  has  been  late- 
ly detected,  also,  in  the  grains  of  crude  platinum,  proba- 
bly in  the  same  state  as  in  the  ore  of  Shetland. 


1«4  MOLfl^DINDM. 

-f5v»  {)nr     »..?.■•*     l...!'.>!    ,-;<!:  -.'   ,Un{f.  orfT      .bonnol  «i 

itiiits  appeaarance^  and  long  misUikea'fck'  te^^wasfijflSclfasle 
firsli  (fbdnd  lo/jield  a  ^eculikt'  M^id^oaftannirdfilBfaBadi  i^ 
Hielmto  beja  eompooiiid'ofo^di^ik^andJlil^niptalptb  «Aidi 
ke  gave  thenilroe  at'rkolybdm^mJi  IfUcsipraddsi  by- ^rflmh 
lie 'Bucoeede(L.in<pR^curiDg)iit^  cumaBtti  iiv/^rotii£^ntBe 
ore  till  it<is  :rediiecd  to  tUe  6tate^of^q»(^ei)r^fliit0f|GnrdBi9 
dnaolt^gfitin  aqua  fliinnKwiii^tfhebin^  andngwyoafriJinj 
ibe  eolmion.  i  >Tha  lissidimbl  Whe»/ld%etftc4^^tk{|ixilii 
a^^  bebbmcis  «  white  oxid)  Jkimwlkicb  ilSu^iiiicllalcft^tJtti 
tained  inthe  usual nsfay^liyHexposQqe  iki(h0|timthi^l}ff- 
ahUio-  .ni'f'.'-'  iiiid  ..  t'.r  .'I  il  bii'ii  ^i/obo'vlom  bsllxjo 
,»uAsi  tku»  obtaiDed^i  dt  j»dt(^fthdatate»  o£sfiUll':|^nmit/r  #| 
a  silvery  whiteness.  Its  sp.  gr.  is  8600;  andlte^pMOsft 
weight  60.  It  is  not  fused^>^li%y  the  most  intense  tem^ 
pdrstube.yietii^tiedtodt^^fHrT  .1  op.iriuHl  oj  ynrbioDoA 
ysWhesL  exposed)  to  heat  israni'cqienxveiMe^  -itdo^mtiiffB 
wdth  oMigen,  aind  is  grUdoaUy  c«n9^rteditttia>M4|itiy«pp 
lier^  wUefa,  by  contimincb/of  fiieheii)tyd8[tDhNriiiaed:>iiiw 

;.'.;>  .^fi'  fc'  H'iiil^/  bin?  .alchoino  odi 

'''  •' '    -  CoM*oi7i^'xii  wwi^O^diBH^'^^^l^'^q  ^'^^^ 

.1/3^1  Jan'i)  ^rioaoiorfT 
Molybdenum  unites  with  tbsee  proportions  of  oxigen, 
forming  k  Imntm  oaid,  ixd  txodWids.  ^bixoioiq 

■   '       r  '  «..c  •      uHj      ,  or^ii  81/obd'f  loni 

rj.'i.  i      !.  Mv^/bdic Q44d.     Moiioibd^ioai 

Molybdic  acid  is  obtained,  as  already  mentioned,  in 
the  first  part  of  the  process  for  procuring  the  metal,  or 
teflLdding  nitric  acid  to  the  iwoftiiMjyia^ 
ioaflled>ore,lby  which  itis  preilipftatedii'  hi<  n  Jivni  oj  ^m 
i>AMf^  thus  r  procu«ed^  it  is  in  mhitS  ^  f^iAikfi  li^t<iwlii|fi^ 
wheik'niiBlted^nd  sublimed,  HecomeyAam: > ittf^hmi^ 
vegetable  blues  to  red*  '  '  'y  >    ^^'^^    >'  ^  iU'ixjviq  has 

rM9iyMou4u4cid,\Lt  in 
Molybdous  acid  is^  obtained^fy  ttideiking  in  a  mortar, 


f/PnOTOXID.  4t5 

with  boiling  water,  a  mixture  of  S  parts  of  molybdic  acid^ 
and  1  of  metallic  mblybdefaiiin,  by  Sirhich  a  blue  solution 
18'formed.  The  whole  is  then  boiled,  filtered,  and  eva- 
p^BitodvLbyj!!.  'heat  not  exceeding  120,  by  which  -the 
okidiirleftia  the  dish.  On  repeating  the  prooefu  with 
IjitdiMQliibleiinaiteD  on  the  filter,  more  may  be  obtained; 
dbiAe  decDmpQsiiibn.o£  the  molybdic  acid  goes  on  very 
•bnilj.ydXhifliCqpid  i^  also  procured  by  boiling  a  mia^tum 
Qfiin|J|[)9bdic  mud  munatic  aoid^^  evaporating)  to  dryness^ 
yndbtn^joiiilg  ,to  heat^  to  expel <any  excess  of  the  latter. 
|piiriua)^BkM»iiQe  the  hydrogen  ^of  the  muriatic  mustiHihe 
vnthiih^oxigejv  of.  the  molybdic  acid,  to  reduce,  itto  the 
atht^ioLdfitttoxid  i  joi  eouiae,  oblorine  must  be  liberated^ 
^i^biii I caispound  possesses  .acid .  properties^  and  Ihence 
called  molvbdous  acid.  It  is  of  a  blue  colour,  solbble 
|»  watet;  ;f  ^ddfiaa.v^etable  Uues^  and  fmitea  witli'  b&es, 
finHng-aslts.  !■>■    ^.^>vj.,.  . 

-my;  v.iu?ini    o-.^i   ..i*.  ^  Pro0Mdy  .- 

According  to  Thomson,  may  be  procuocd'  by  disBoiv*^ 
k^aiotybdic  acid, in  ammonia,  evaporating  to  diyii^ss, 
fsqpQpisgtJthe  nesiduB  to:a  white  heat  with  charcoal^  by 
which  A. 'lopown  powder  is  found  lying  at  the  bottom  of 
the  crucible,  and  which  is  the  oxid. 

The  proportions  of  these  oxids  have  been  given  by 
Thomson,  (First  Pr.), 

,no§,:/  .     *        '  ifeUL         Ox.  MeUL      Ox. 

protoxid,  100  ..  1&6  1  at  1  at,  - 

molybdous  acid,     100       33.2  1  at.  2  at. 

molybdic  acid,       lOO      49.8'  1  at.  3  ats. 

'        :  V  .  Sulphur et, 

'iiBulphurct  of  molybdenum  may  be  obtained  by  cqc^kw* 
iiig  to  heat  a  mixture  of  1  of  molybdic  acid,  and  5. of 
^llphttr,..by  which  the  oxigen  of  the  ibrmec  is  expelled, 
m4«^P^^^^^  ^>  formed-    It  ia  similar  in  its  composition 
and  properties  to  the  native  ore,  being,    ac(K)fding  to 
Bucholz,  composed  of 

metal,     100      =r  1  atom 
isnoij  ■  •    H  ^^pbqri  £6«&  fSrFiS  atonia^..       .  ...ol/ 

so  that  it  is  Busulphuret. 


IftG  TUNaS/TEN. 

.'  .    •  I  ^  _  -  ♦.'.    •      01**  t  jf  1^  xii 

.  JBoth  of  the  acifk  of  moIybd^um.HQJiMi/fi^itfie  |ifQ4 

fiable  bases.  .7/  OTt 

Molybdates  of  the  alkalies  of  lime,  magnesia,  and  co- 
balt, are  soluble  ;  but  those,  of  the  ptj{i,e^  earths,  of  iron, 
copper,  tin,  lead,  zinc,  mercury,  manganese,  silver,  and 
platinum,  are  inaoluble.^-*(Thom90%jFil8t><Pjrt))f  rioff W 

The  molybdates  are  easily:  decomposed)  :b|r  fWlplkilim| 
nitric,  muriatic,  phospbom^'sars^nki^iandn^bfPVlabi^Ji^U^ 
8o  that  they  have  a  8troDg€ir"affi»itjr  lAiaRrjilii^Igpl^kb 
acid  for  the  bases.  They  are  also  decomposed  by  the 
gaits  of  those  metals  that  hav^'^'' Wong  attraction  for 
oxigen,.  by  which  molybdons;  add  la.ipEiBedu  »ifF|mfl:'a 
jp'^ece  of  zinc  causes  the  solution  to  becomie  blue^>afnd;pt9tfhl 
muriate  of  tin  throws  down  a  blu&  •  precipitate  firomrlilfci 
molybdate  of  potass.  ;.         ..  •  :    ■    !}  il     ,i\oizu^ 

The  molybdates  of  many^of  the  metfiUjAr^ 'ifi9i)bkUB, 
hence  molybdic  acid  thro>w8  down ;  preoipitpKtea  fir<n9  imfit. 
tallic  salts,  as  from  those  of  lead,  mercuuy,  andtsilrtl^rfv. 

Molybdenum  and  its  compounds  havetiot^  ^^.^f0^jb0^ 
put  to  any  use.  :  ;.f)nLfoc^ 


A 


TUNGSTEN.,.;:' 


V'^liiyf^i 


The  mineral  called  tungsten  was,  by  Scheele,  first 
prpved  to  contain  a  pjSCuJUar  .a^id  i^  union  ^jhr|jfn^9 
and  to  ^hich  he  gave  the  name,  of  pmgstji^^fij^}^^    {fffRj 
same  acid  was  detected  >y  J^'^PJ^hiyraR,  jiji^lttl^g^P^ig^njf^ 
mineral  called  "ujolfram^  in  whkh  ;it  is  uiiit^4>iW^i^f8Vi^. 
tm,  and  manganese.  ,        ,_r;    ,  ^r    ..rft'^bm 

When  tungsten,  consisting  of  tui^gstate  of  Upe|c,%^x{t 
posed  to  heat  with  carbonate  of,  pota;ssa9,twgft^a^<pf 
potass  is  formed,  from  which  the  aciji  may  be  pi7^^i$fAed|Q 
on  the  addition  of  nitric  acid.     The  same  actjony^^tfke^i 
place  with  wolfram^  when  treated  iji  a  similar  manpfaf(,>,/,| 

Tungstic  acid,  when  exposed  to  heat  wiU^  ^^iMyrcof^^ 
aflfords  tungsten  in  it^  metalKc  state.  ..^d  ,     ^    t  nl  v  .  JBt^ 


SALTS.  IftT 

Tungsten  is  of  a  greyish  colour,  like  that  of  iron.  Its 
sp.  gr.  is  1740  ;  its  atomic  weight,  according  to  Thomson, 
10V5.    -It  requires  for  its  fusion  a  temperature  of  about 

now. 

-<  *  /    I ;  J .  i .        .   '  •      •  .  .  ... 

'"'*'     '  Compounds  WITH  OxiGEN. 

When  heatAed'in  air  it  is  oxidated,  forming  two-oomu 
iMmd^^^an  eMid  and  an*  acid  ;>  the  former  of  wfaieh  ii^  of 
a^mnmilfc  colour,  and  ^  is  inflammable,  uniting  with  the 
Oldg^^'tbe  itir,  and  forming  tung$iic  add. 

Toi   iM.ri  .  Tim^^  Acid.  , 

fi  Tiitig^tic  Add,  |yroour^  in  the  first  part  of  the  process 
for'tsbfatniing'the  metal,  is  of  a  yellowish' eotonr,  insolif* 
bklfn^fwater,' and  requiring  a  most  intense  heat  for  its 
ftisioii*     It  does  not  redden  vegetable  colbors. 

'^Wlltollydrogen  gas  is  passed  orer  it  at  a  red  heat, 
%Mar  Mmeff  o#,  and  ^a  brown-coloured  substance  is  left, 
whiisb  is  the  oxid. 

'  ^''AiiooiyiiBg  to  Berseliusy  the  composition  of  these  com- 
pounds is, 

Oxid.  Add. 

tungsten,     86.2     1  atom         80.5     1  atom 
oxigen,        13.8     2^  atoms       19.5     3  atoms 

IP&a^iic  add  unites  with  the  bases,  and  forms  salts 
edicid  twkgtUxUs.  Its  affinity  for  them  seems  to  hi 
w^tMBI*  tbitri  that  of  snlphuric,'  iiitric,  and  muriatfc,  but 
tfdbS^^^^ih  -that  of  phosphoric,  arsenic,  and  chtt)iiiTC 
add ;  the  three  first  decomposing  the  tringstate^,  while 
thi^  three  last  have  no  eflect  on  them. 

*The  tungstates  of  the  alkalies  are  soluble  ;  but  those 
ofT'^Rme,  baryta,  strontia,  alumina,  iron,  copper,  lead, 
tfl^^'tinc,  mercury,  manganese,  silver,  and  cobalt,  are 
inaoloble;  hence  salts  containing  these  metals  throw 
4af#1ii'predpitated,  when  mixed  with  an  alkaline  tmig- 
state,  which  are  white,  with  the  exception  of  those  Ironir 
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gen^  as  zinc,  iron,  and  tin,  the  tellurium  being  deposit- 
ed in  its  metallic  state.  Ferro-cyanate  of  potass  does 
not  cause  any  change  f . 


TITANIUM. 

Titanium  was  discovered  by  Mr  Gregor,  in  a  mi- 
neral found  in  Monachan,  in  Cornwall ;  but  he  did  not 
succeed  in  procuring  it  in  its  metallic  state.  Klaprotfa 
afterwards  observed  it,  in  the  form  of  oxid,  in  a  mineral 
called  red  short,  and  Vauquelin  first  obtained  it  pure^ 
since  which,  its  properties  have  been  examined  by  Lowits 
and  Laugien  It  has  lately  been  discovered  by  Wdlas- 
ton,  in  its  metallic  form,  in  the  slag  of  the  iroiK*w<Mrk  at 
Merthyr  Tydvil,  in  Wales. 

Titanium  is  procured  from  the  mineral  called  Mamikf 
by  fusing  it  with  potassa,  washing  the  residuum,  and  dis- 
solving  it  in  muriatic  acid,  and  to  the  solution  adding 
oxalate  of  ammonia,  by  which  oxalate  of  titanium  k  de» 
posited.  On  exposing  this  to  a  red  heat,  the  acid  is  oqd- 
sumed,  and  the  oxid  left,  which  Laugier  endeavoured  to 
reduce  to  its  metallic  state,  by  exposure  to  heat  with 
charcoal,  but  the  results  were  by  no  means  satisfactory. 

We  are  indebted  to  Dr  Wollaston,  for  what  we  know 
of  the  properties  of  titanium  in  its  metallic  form,  (Ph«  Tr. 
182S.)  The  small  cubes  found  in  the  slag  of  the  inx^ 
work  at  Merthyr  Tydvil,  are,  according  to  him,  tita- 
nium, very  nearly  in  a  state  of  purity. 

It  has  a  colour  similar  to  that  of  copper ;  is  brittle^ 
but  extremely  hard,  so  much  so,  as  to  scratch  xock  crys- 
tal. Its  sp.  gr,  is  5S00.  It  has  not  been  fused  by  tiie 
most  intense  heat  yet  applied.     When  heated  in  contact 


*  From  wliat  hat  been  laid  of  the  propertiee  of  ftilmiimi,  h  ^pMn  to 
behmg  rather  to  the  class  of  addifiable  bodies  than  to  those  forming  batsti 
If  ftttore  experiments  establish  this  opinion,  it  will  probably  be  dassed 
along  with  sulphur,  or  those  tabstanoee  fonning  adds  with  odgfn,  saA 
with  hydrogen. 
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with  air,  it  is  slowly  oxidated,  but  the  oxidation  may  be 
promoted  by  admixture  with  nitre. 

Oxids. 

Titanium  forms  two  oxids,  a  protoxid  of  a  bluish  co* 
lour,  and  which  exists  native  in  the  mineral  called  ana-^ 
toie^  and  SLperoaid  supposed  to  be  possessed  of  acid  pro* 
perties.  It  is  the  last  which  exists  in  menachanite,  and 
in  red  shorl,  the  minerals  in  which  it  was  discovered  by 
Gregor  and  Vauquelin.  It  may  be  obtained  by  the 
process  already  mentioned,  or  by  that  followed  by  Bose^ 
which  consists  in  fusing  red  shorl,  with  carbonate  of  po« 
lass,  dissolving  the  mass  in  muriatic  acid,  and  precipitat- 
ing by  ammonia.  The  precipitate^  consisting  of  the  oxid 
0t  titanium  and  iron,  is  then  kept  in  a  dose  vessel  with 
hydro-sttlphuret  of  ammonia,  by  which  the  iron  is  gra- 
dually converted  to  sulphuret,  and  by  washing  with  mu« 
riatic  acid  is  removed,  leaving  the  oxid  pure. 

It  is  white,  but  on  being  heated  becomes  yellow,  re- 
gaining its  wliiteness  on  cooling.  When  laid  on  litmi|8 
pqMT,  and  moistened,  the  fluid  becomes  red,  but  the  co- 
lour of  the  paper  is  not  changed. 

It  is  soluble  in  acids,  forming  solutions  which  yield 
precipitates  on  the  addition  of  alkalies  and  their  carbo- 
nates. 

It  appears  to  enter  into  union  with  the  alkalies,  and 
form  peculiar  compounds,  and  hence  it  is  supposed  to 
have  the  properties  both  of  an  add  and  a  base. 

The  add  solution  of  titanium  is  decomposed  by  some 
of  the  metals.  Zinc,  when  immersed  in  it,  gives  the  fluid 
a  blue,  and  tin  a  rich  red  colour. 

It  is  decomposed  also  by  hydro-sulphurets,  and  ferro- 
cyanates,  the  former  yielding  a  greenish,  the  latter  an 
orange-coloured  predpitate. 

Chlorid, — ^When  chlorine  gas  is  passed  over  the  cubes  of 
metallic  titanium,  it  is  absorbed,  and  a  compound  form- 
ed, which  is  condensed  in  the  cool  part  of  the  tube.  It  is 
transparent  and  colourless,  emits  white  fumes  by  expo- 
sure to  air,  and  boils  at  a  temperature  bdow  %19»  When 
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touched  by  water^  there  is  an  immediate  diteiigagenleiit 
of  chlorine  gas,  and  muriate  remains  in  lohition. 

Wollaston  attempted  to  form  alloys  of  titanium,  but 
without  success.     The  atoniic  weight  of  titanium  is, 
cording  to  Thomson,  40,  that  of  titanic  acid  60. 


COLUMBIUM. 

Mb  Hatchett,  when  engaged  in  the  analysis  of  a  ml-* 
nerai  brought  from  Massachussets,  discovered  a  substance 
in  the  state  of  oKid,  or  rather  of  acid,  and  to  the  base  of 
which,  though  he  did  not  succeed  in  obtaining  it,  he  gave 
the  name  of  columbium.  Eckeberg  shortly  afterwaida 
discovered  a  similar  compound  in  the  minerals  named 
iankMie  and  yUroimUaiUe^  and  which  he  proposed  to 
call  ianialufn.  These  substances  have^  however^  1w4i 
shown  by  Wollaston,  (Ph.  Tr.  18090  ^  ^  ^^  same;'he 
has  therefore  rejected  the  lattar  name,  and  retained  tliat 
<^  columbium,  given  it  by  its  original  discoverer. 

We  are  indebted  to  Berzelius,  (An.  of  Ph.  viii.)'  lor 
the  first  successful  attempt  to  procure  columbium  in  its 
metallic  state.  When  any  of  the  minerals  containing  co- 
himbic  acid  is  fused  with  carbonate  of  soda,  and  sul- 
phuric acid  is  added  to  the  solution  after  filtratioii|»' a 
white  powder  is  precipitated,  which  is  columbic  add, 
and  which  is  reduced  when  exposed  to  an  intense  heat 
with  charcoal. 

Columbium  is  of  a  dark  grey  colour,  with  considerable 
lustre.  Its  sp.  gr.  according  to  Wollaston,  is  5600 ;  but 
in  his  experiments  it  had  not  been  melted,  so  that  it  is 
probably  above  this.  When  heated  in  air,  it  takes  fire, 
and  bums  with  a  feeble  flame.     ^ 

It  is  not  acted  on  by  nitric,  muriatic,  or  nitro-muriatic 
acid ;  but  when  fused  with  potassa,  it  is  oxidated.  It  is 
idso  oxidated,  or  rather  acidified,  by  fusion  with  nitre. 

Columlnc  Acid. 
Columbic  acid,  prepared  by  the  ifmcess  already  de- 
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■cribedy  is  a  white^  tasteless  powder,  very  sparingly  so- 
luble in  nitric,  muriatic,  and  sulphuric  adds.  It  is  easi- 
ly dissolved  by  potassa  and  its  carbonate,  forming  a 
colourless  solution,  from  which  it  is  precipitated  on  the 
addition  of  .an  acid. 

The  hydro-sulphurets,  and  ferro-cyanates,  do  not  throw 
down  any  precipitate  from  the  alkaline  solution. 

The  salts  of  copper,  lead,  zinc,  mercury,  manganese, 
and  silver,  produce  a  white  flocculent  precipitate. 

Berzelius,  by  an  analysis  of  columbic  acid,  has  fixed 
its  proportions  at 

metal,  100  oxigen,  5.48* 

And  Thomson,  from  an  analysis  of  columbate  of  soda, 
prepared  by  fusing  the  acid  and  alkali,  dissolving  the 
product  in  water,  and  crystallizing,  considers  the  atomic 
weigh^  (of  t^e  metal  to  be  1,80,  which  very  nearly  agrees 
«f9|d^  tl^  deducible  fron^  Berzelius^s  analysis  of  the  acid ; 
iS»r,  coi^sidering  it  to  contain  an  atom  of  each  of  its  in- 
(Ecd^ents, 

as  5.48:100::10;182. 
'  The  columbic  acid  precipitated  from  its  solution,  is,  in 
die  state  of  hydrate,  composed,  according  to  Thomson, 
of  1  atom  acid,  and  7  of  water ;  and  the  columbate  of 
aoda  he  found  to  consist  of  1  atom  acid,  1  atom  soda, 
and  10  of  water. 


PART    III. 


VEGETABLE  CHEMISTRY. 


SECTION  I. 

All  vegetables  have  a  distinct  form,  and  their  inletiial 
structure  is  very  delicate,  but  these  vary  in  almost  every 
dass.  Notwithstanding  this  great  diversity,  they  do  BOi 
contain  many  ingredients ;  indeed,  with  the  exception  of 
a  few,  their  cdmponent  parts  are,  oxigen,  hydrogen,  and 
carbon,  along  with  which,  some  contain  also  nittogeD. 
There  are  also  saline,  earthy,  and  metallic  matter^  but 
which  are  in  very  minute  quantity,  and  must  ti&t  be 
considered  essential  ingredients,  being  derived  from  llie 
soil ;  hence  they  differ  according  to  the  locality  of  the 
plant. 

The  elements  contained  in  vegetable  matter  are  deriv- 
ed from  the  soil,  from  rain,  and  from  the  air.  By  the 
living  powers  of  the  plant,  they  are  made  to  enter  into 
particular  states  of  combination,  and  thus  form  the  dif- 
ferent parts  of  vegetables,  and  the  various  principles 
they  contain. 

The  elements  of  the  vegetable  kingdom  enter  into 
union,  so  as  to  form  what  are  called  VegetabU  Principki. 
Some  of  these  are  contained  in  all  plants,  while  others  are 
afforded  by  particular  vegetables  only.  Some  are  dis- 
persed through  the  whole  plant ;  others,  on  the  contrary, 
are  confined  to  particular  parts. 
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Before  proceeding  to  detail  the  nature  and  composition 
of  these,  it  may  be  proper  to  give  a  view  of  their  general 
properties,  by  which  a  great  deal  of  useless  repetition 
will  be  saved. 

Properties  of  Vegetart.e  Matter  in  General. 

When  vegetable  matter,  wood  for  instance,  is  subject- 
ed in  close  vessels  to  a  heat,  not  very  intense,  water  is 
given  off.  If  the  temperature  be  increased,  its  texture 
is  destroyed ;  water,  containing  the  acid  of  vinegar,  hav- 
ing an  empyreumatic  odour,  and  niixed  with  a  dark-co- 
loured oily  liquid,  is  distilled  over,  along  with  a  large 
quantity  of  gaseous  fluid,  consisting  chiefly  of  carbonic 
acid  and  carburetted  hydrogen.  When  these  have  ceased, 
charcoal  is  left,  retaining  the  form  of  the  wood,  and  con- 
taining a  minute  quantity  of  saline,  earthy,  and  metallic 
matter. 

The  substances  disengaged  during  this  process,  are  all 
the  result  of  new  combinations  into  which  the  elements 
have  entered.  Thus  the  water,  or  at  least  the  greater 
part,  is  formed  by  the  union  of  oxigen  and  hydro- 
gen, wUle  the  carbonic  acid,  and  carburetted  hydrog^i, 
are  produced  by  part  of  the  carbon  and  oxigen,  and  of 
the  carbon  and  hydrogen,  having  united. 

The  application  of  heat  to  vegetable  matter,  consti- 
tutes what  is  called  the  destrtictive  analysis^  as  in  this 
way  the  proportions  of  the  elements  may  be  discovered  ; 
ior  by  collecting  the  products,  and  finding  the  quantity 
of  each,  the  proportions  of  their  constituents,  and  of 
course  of  those  of  the  vegetable,  are  ascertained. 

When  vegetable  matter  is  heated  in  air,  it  bums,  yield- 
ing carbonic  acid  and  water,  and  it  is  ultimately  consum- 
ed,  leaving  only  a  minute  quantity  of  saline,  earthy,  and 
metallic  ingredients.  This  forms  another  mode  of  ana- 
lysis, at  one  time  practised,  though  now  given  up,  others 
more  accurate  having  been  introduced. 

When  vegetable  matter  is  subjected  to  the  action  of 
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water,  some  of  its  principles  are  dissolved,  and.  the  solii* 
tion,  on  evaporation,  yields  a  substance  called  Ewirad. 

The  acids  in  general  act  easily  on  vegetable  mattflr, 
the  action  depending  on  the  acid  employed*  When  ni- 
tric is  used,  there  is  a  disengagement  of  gas,  and  the  fcHT- 
mation  of  other  acids.  If  it  be  diluted,  it  is  necessary 
to  apply  a  slight  heat.  Nitric  oxid  and  carbonic  acid  gas 
are  disengaged,  and  a  transparent  colourless  solution  is 
left  in  the  retort,  containing  in  general  the  acids  called 
Oxaiic  and  Malic. 

When  vegetable  matter  is  put  into  sulphuric  add,  it 
is  instantly  charred,  and  a  dark-coloured  solution  is  form* 
ed,  which,  when  thrown  into  water^  yields  a  black  carbo- 
naceous precipitate.  With  the  aid  of  heat,  the  vegetable 
substance  is  soon  dissolved,  and  carbonic  and  sulphurous 
acids  are  disengaged,  so  that  the  carbon  must  take  oxi- 
gien  from  the  sulphuric  acid. 

The  action  of  some  of  the  salts  is  interesting,  as  form^ 
ing  an  excellent  mode  of  analysis.  That  principally  em- 
ployed for  this  purpose,  is  chlorate  of  potass.  When  it 
is  mixed  with  vegetable  matter,  and  exposed  to  heat  ia 
dose  vessels,  water,  carbonic  acid,  and  occasionally  car- 
buretted  hydrogen,  are  given  off,  and  if  the  salt  has  been 
used  in  excess,  oxigen  is  also  set  free.  This  method  of 
decomposition  was  first  pointed  out  by  Gay  JLussac 
and  Tbenard,  and  practised  by  them  in  •  analysis  with 
great  success.  In  conducting  it,  the  salt  and  vegetable 
matter  are  dried  at  a  temperature  not  exceeding  that^ 
boiling  water.'  They  are  then  mixed  in  the  ptoper  pip9- 
portions,  put  intoUhe  apparatus,  and  subjectad.to  h^fU, 
the  products  being  collected  over  mercury.  7he  pro- 
portions of  the  gases  disengaged  bdng  ascertained^  and 
deducting  from  them  the  oxigen  given  off  from  the  chlo- 
rate, a  known  quantity  of  which  has  been  used,  the  el^ 
ments  of  the  vegetable  matter  are  discovered,  (Thenard^s 
Analytical  Chemistry.) 

Instead  of  the  chlorate  of  potass,  peroxid  of  copper  is 
now  generally  used  in  the  analysis.  The  vegetable  mat- 
ter, mixed  with  the  oxid,  being  placed  in  a  glass  tube,  fc 
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heated  by  means  of  a  sfint  lamp^  and  the  gaseous 
fluid,  as  in  the  other  instance,  collected  over  mercury. 
Different  forms  of  apparatus  are  used  by  different  die* 
mists.  Perhaps  the  simplest  is  that  of  Mr  Cooper,  (An. 
of  Ph.  N.  S.  vii.)  That  recommended  by  Dr  Ure,  is  de» 
scribed  in  Ph.  Tr.  18S2. 

By  this  mode  of  analysis.  Gay  Lussac  and  Thenard 
have  discovered  the  composition  of  a  number  of  sub- 
stances, and  they  have  also  drawn  the  following  conclu- 
sions:— 

Istf  That  when  the  vegetable  has  more  oxigen  than  will 
form  water  with  the  hydrogen,  it  is  adcL 

9dy  When  the  oxigen  is  to  the  hydrogen  in  less  pro> 
portion  than  will  form  water,  the  vegetable  is  oi/y,  or  re* 
smouSy  or  alcoholic. 

3d,  When  the  oxigen  and  hydrogen  are  in  such  quanti- 
ty as  to  form  water,  the  vegetable  is  neither  add,  nor  re- 
rinous,  nor  oily,  but  in  the  state  of  gum,  starchy  sugary 
&c. 

Some  exceptions  to  these  general  laws  have,  however, 
been  noticed  by  Saussure  (An.  of  Ph.  vi.)  and  others. 

Vegetables  also  undergo  spontaneous  changes,  by  which 
their  nature  is  completely  altered,  and  new  substances 
are  formed.  This  process  is  called  JermentatioUy  and  is 
divided  into  three  kinds,  the  vinous,  acetous,  and  putre^ 
fmcHve ;  the  first  so  called,  because,  during  it,  vinous  or 
spirituous  fluid  is  formed  ;  the  seoKid,  because  vinegar  or 
acetio  acid  is  produced  ;  and  the  third,  because  the  vege- 
table undergoes  putrefaction,  being  almost  entirely  dissi- 
pated^fai  the  form  of  gaseous  products. 

Su^ar  is  the  substance  that  assumes  the  spirituous  fer- 
mentation most  easily,  and  by  converting  other  bodies  to 
the  saccharine  state,  it  causes  them  to  undergo  this 
change  more  readily*  When  sugar  is  dissolved  in  water, 
and  a  little  yeast  is  added,  the  mixture  soon  becomes 
miiddy,  bubbles  of  gas  rise  through  it,  and  it  acquires  a 
thick  scum  on  its  surface.  When  these  have  gone  on 
foi'  some  time,  the  scum  falls  to  the  bottomi  and  the  fluid 
again  becomes  transparent ;  its  properties  are  also  alter- 
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ed;  it  has  lost  its  sweetness,  acquired  a  hoi  pungent 
taste,  and  produces  intoxication. 

These  changes  are  easily  observed,  by  putting  a  pound 
of  sugar,  with  6  of  tepid  water,  and  a  little  yeast,  into  a 
glass  flask,  so  as  to  occupy  about  one-half  of  its.  capacity, 
adapting  a  bent  tube  to  this,  and  carrying  it  under  a  jar, 
resting  on  the  shelf  of  a  water-trough.  The  gas,  when 
examined,  extinguishes  combustion,  and  renders  lime  water 
turbid ;  it  is  therefore  carbonic  acid. 

When  vinous  fluids  are  exposed  to  the  air,  they  be- 
come  turbid ;  their  temperature  rises,  and  a  scum  collects 
on  the  surface ;  but  they  soon  again  become  trans- 
parent, lose  their  grateful  flavour  and  intoxicating 
quality,  and  acquire  a  sour  taste.  In  this  caae^  the  pnh 
duct  is  vinegOTf  which  contains  acetic  acid  as  one  of  ks 
ingredients. 

When  the  product  of  this  fermentation  is  exposed  lo 
the  atmosphere,  the  putrefactive  process  commences ;  it 
becomes  opake,  acquires  a  disagreeable  smell,  and  in  the 
course  of  time,  almost  the  whole  of  it  is  consumed,  leav- 
ing only  a  little  carbon  and  earthy  matter. 

Vinous  Fxbmsntatiok. 

There  are  different  circumstances  necessary  to  cause 
the  commencement,  and  favour  the  progress  of  vinoiis 
fermentation;  such  as,  a  certain  quantity  of  water^  a 
proper  temperature^  and  in  general,  the  addition  of  a  body 
called  a  fermmJt.  The  temperature  ought  to  be  firom  M 
to  80 ;  when  below  the  former,  it  goes  on  slowly  ;  the 
nearer  it  is  to  the  latter  the  better,  but  it  must  not  be  al- 
lowed to  go  beyond  it,  as  the  acetous  fermentation  is  apt 
to  begin.  The  substance  added  to  induce  the  chai^pe^ 
called  ^^o^,  is  the  scum  and  sediment  collected  fimn 
liquids  in  which  fermentation  is  going  on,  and  whidi  is 
supposed  to  act,  by  inducing  the  operation  of  affinitiei 
different  from  those  by  which  the  ingredients  are  held  to- 
gether. 

Though  exposure  to  air  favours  vinous  fermc&tatioB, 
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it  is  tiot  necessary,  for  if  by  any  means  the  gaseous  fluid 
which  is  generated,  is  allowed  to  escape,  as  in  the  expe- 
riment with  the  sugar,  it  goes  on,  though  not  so  speedily^ 
On  the  other  hand,  free  admission  of  air,  though  it  ex- 
pedites the  process,  weakens  the  product,  by  carrying  a 
great  deal  of  it  off  by  evaporation. 

By  vinous  fermentation,  are  produced  the  different 
liquors  possessed  of  intoxicating  quality;  they  may 
be  divided  into  two  kinds,  the  vinauSf  obtained  from 
the  juices  of  plants,  and  the  different  kinds  of  beer^  pro- 
cared  from  the  infusion  of  seeds. 

The  process  of  making  wine  is  very  simple.  From 
grapes  there  is  expressed  a  juice  called  nmstf  which  con- 
tains sugar,  jelly,  and  cream  of  tartar.  When  kept  at 
about  the  temperature  of  70,  fermentation  commences, 
and  goes  on  with  the  usual  phenomena ;  and  after  it  has 
esasedf  the  liquor  is  put  into  casks»  where  it  slowly  de- 
posits the  substance  called  tartar^  which  is  composed 
cUefly  of  cream  of  tartar  and  the  colouring  matter  of 
dM  wine. 

The  colour  of  wine  is  communicated  by  the  husks, 
which  are  mixed  with  the  fermenting  fluid,  and  the  spark- 
ttng  wines,  as  champaign,  derive  this  property  from  their 
containing  a  large  quantity  of  carbonic  acid,  generated 
during  the  fermentation,  the  wine  being  bottled  before 
this  process  is  finished. 

MaU  UquorSy  as  the  other  kinds  of  fermented  fluids 
ate  called,  are  obtained  fi-om  grain,  for  which  purpose 
btvley  is  used ;  but  before  inducing  fermentation  in  it, 
it  is  previously  converted  into  maU,  For  this  purpose, 
it  is  put  into  a  large  trough,  and  mixed  with  as  much 
water  as  merely  covers  it,  where  it  remains  for  two  or 
three  days,  the  time  depending  on  the  weather ;  the  warm- 
er tfae^season,  the  less  being  required.  Here  it  imbibes 
noisture,  emits  carbonic  acid,  and  the  water  dissolves  a 
little  of  it,  particularly  of  the  husk.  This  process  is  calL 
ed  steeping.  When  completed,  the  grain  is  spread  cm 
the  malt  floor  to  about  the  depth  of  16  inches,  where  it 
b^ns  to  grow  warm,  and  it  emits  a  pleasant  odour,  re- 
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t^nbling  that  of  apples ;  it  also  becomea  moiater  than 
before ;  hence  this  stage  of  the  process  ia  called  wweaU 
ing.  When  these  hare  taken  place,  the  xoota  of  the 
grain  shoot  forth,  and  in  the  course  of  another  dajt  the 
future  stem,  called  acrospire^  begins  to  appear. , .  ^Q  pi^^ 
a  stop  to  the  farther  progress  of  the  changes  that  are 
going  on,  the  depth  of  the  grain  is  gradually  diminished, 
till  at  last  it  is  only  about  3  inches  deep,  after  which  it 
is  put  into  a  kiln  and  subjected  to  heat,  at  first  slight, 
but  afterwards  gradually  increased,  till  it  is  sufficiently 
dried.  By  this  last  part  of  the  process,  Xi:^  g^rmmaiiam 
is  stopped,  the  malt  is  then  put  into  wire  sieves  and  sha- 
ken, by  which  the  roots,  or  commingi  as  they  are  called^ 
which  were  formed  during  the  first  stage,  are  removed* 

Having  procured  malt,  the  next  operaticm  is  to  subject 
it  to  brewings  which  consists  of  five  parts,  mqshing^  bod' 
ingy  codings  fermenting^  and  cleansiBg*  The  malt^  aftc^ 
being  bruised,  is  put  into  a  mash  tun  with  about  an  equal 
quantity  of  water  at  180,  and  well  stirred.  After  re> 
maining  there  for  a  few  hours,  the  fluid  is  drawn  off>  and 
the  process  repeated,  till  the  whole  of  the  soluble  matter 
is  extracted.  The  product  called  wart  is  a  dark  brown 
liquid,  having  a  sweet  taste,  which  it  has  acquired  from 
the  saccharine  matter  of  the  malt.  It  is  pumped  off  into 
boilers,  in  which  it  is  boiled  for  some  hours,  till  it  be.- 
comes  of  the  requisite  strength,  and  which  is  known  by 
the  use  of  a  saccharometer^  (See  Appendix^)  the  sub- 
stance, during  this  stage  of  the  process,  being  added, 
which  communicates  the  proper  flavour.  That  employ- 
ed is  hops^  which  contain  an  oily  matter,  and  a  bitter  pxli»- 
dple,  both  of  which  are  extracted  by  the  wort,  and  im> 
part  their  qualities  to  it.  When  the  wort  is  properly 
boiled,  it  is  drawn  ofi^  into  the  coolers^  large  shallow 
troughs  placed  in  ^artments,  in  which  there  is  a  free 
ventilation.  Into  these  it  is  poured  to  about  the  depth 
of  three  or  four  inches,  so  that  it  may  cool  as  quickly 
as  possible,  and  thus  be  prevented  from  becoming 
sour.  When  cooled,  it  is  run  off  into  the  ferm^iting 
vats  or  gyleiuns^  and  mixed  with  the  requisite  quantity 
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of  yeast,  by  which  fennentation  is  induced;  bubbles 
of  gas  cotne  off,  and  a  scum  arises  to  the  surfacei  the 
temperature  at  the  same  time  increases,  in  general,  from 
Hboui  lit  to  IS  degrees.  After  it  has  gone  on  for 
witew  days,  it  becomes  languid,  the  wort  and  the  froth 
mHccted  on  its  surface  are  then  well  mixed,  by  which  it 
again  commences,  and  continues  for  some  time ;  at  last 
the  fluid  diminishes  in  the  vat,  owing  to  the  air  bubbles 
escaping  from  the  froth.  When  it  has  arrived  at  this 
state,  it  is  necessary  to  stop  the  fermentation,  otherwise 
the  scum  would  mix  with  the  fluid,  and  not  only  give  it 
n  bitter  taste,  but  cause  it  to  become  sour.  It  is  there- 
Ibre  drawn  off  into  barrels,  which  are  filled  quite  up  to 
die  bung  hole.  In  these  the  fermentation  again  be^ 
gins,  by  which  a  scum  rises  to  the  surface ;  and  as  they 
are  always  kept  full,  by  occasionally  pouring  in  a  little 
of  the  liquor,  it  works  over^  the  scum  is  therefore  thrown 
out,  and  thus  prevented  from  mixing  with  the  fluid,  at 
Ae  same  time  part  of  the  yeast  falls  to  the  bottom,  form- 
ing the  dregs ;  hence  this  part  of  the  process  is  called 
/bting.  When  the  fermentation  has  stopped,  which  is 
known  by  the  froth  ceasing  to  work  over,  the  barrels 
are  bunged,  and  are  ready  for  the  market. 

The  process  now  described,  is  that  followed  in  making 
ofe  and  beer ;  the  brewing  of  porter  is  carried  on  in  the 
tame  way,  with  this  difference,  however,  that  the  malt  is 
prepared  in  a  peculiar  way.  It  has  been  already  said, 
that  that  used  for  ale  is  dried  by  the  appUcation  of  a 
flKgbt  hM:  ^  In  making*  malt  for  porter,  a  m«Kh  higher 
tempMrfttre  is  applied,  hf  which  it  is  slightly  burned, 
io  that  the  wort  got  from  it  has  a  dark  colour,  and  a  pe- 
culiar bitter  taste  *. 

All  vinous  and  malt  liquors  contain  a  quantity  of  spi^ 
rii  of  wine,  or  alcohol^  formed  during  the  fermentation, 
which  is  the  cause  of  their  intoxicating  quality,  and  which 


*  Thoogh  porter  may  be  prepared  by  the  prooess  described,  it  is  well 
known  that  other  sabstancet  are  aUo  uMd,  which,  though  not  abiohitely 
atcenary,  add  to  iti  flaroor  and  appeannoe. 
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can  be  procured  from  them  merely  by  diBtillation.  Henee 
the  mode  of  making  whisky,  rum,  gin,  brandy,  and  other 
spirituous  fluids. 

•  The  substanee  generally  employed  in  making  wtoiy, 
is  barley,  but  others  are  occasionally  used,  as  sugar^ 
molasses,  carrots,  turnips,  &c.  When  grain  is  used, 
it  is  generally  malted,  as  has  been  already  described ; 
but  it  is  occasionally  employed  in  its  raw  state.  IMi* 
iiUationy  as  the  making  of  whisky  is  called,  consists  of 
four  parts,  mashingy  coolings  fermeniing^  and  duHJMmgf 
tike  three  first  of  which  are  carried  on  nearly  in  the  same 
way  as  in  brewing ;  the  wort  being  obtained  by  mashing 
the  malt,  and  then  cooUng  it  as  quickly  as  possible,  and 
after  mixing  it  with  the  requisite  quantity  of  yeast,  mak- 
ing it  undergo  fermentation,  by  which  the  sugar  it  ooa* 
tains  is  gradually  decomposed,  and  converted  into  aleo* 
hoi,  or  spirit  of  wine,  by  which  the  specific  gravity  of 
the  fluid  is  diminished ;  it  is  therefore  said  to  be  aUemh 
aUd.  Spirit  of  wine  has  the  power  of  stopping  fermea- 
tation,  so  that  when  generated  in  too  great  quantiCj 
in  the  fermenting  tun  in  proportion  to  the  water,  h 
prevents  in  a  great  measure  the  process  from  going  oe, 
consequently  part  of  the  sugar  is  not  dec<Hnposed,  and 
converted  to  spirit ;  it  is  of  importance,  therefore,  to  keep 
the  fluid  weak. 

The  liquid  thus  procured,  called  washj  is  subjected  lo 
distillation  as  socm  as  the  fermentation  has  ceased,  otlMT- 
wise  it  becomes  sour,  the  distillation  being  continiwd^ 
till  the  fluid  which  comes  over  is  of  the  specific  gravity 
of  water,  and  which  is  known  by  the  use  of  an  areoiniuUti 
(See  Appendix) ;  what  is  left  in  the  still  is  called  jpntf 
wcuihf  and  is  used  for  feeding  cattle.  The  liquid  obtain* 
ed  by  the  first  distillation  is  termed  lowines  ;  it  contains 
about  a  fifth  part  of  its  weight  of  alcohol.  It  is  subjee^ 
ed  to  a  second  distillation  or  doubUnff^  and  the  proceii 
continued  till  the  fluid  is  got  of  the  requisite  strength, 
which  is  by  order  of  government  909,  water  being  lOOOl 

In  carrying  on  distillation  when  the  duty  was 
according  to  the  time  the  still  was  in  use,  it  was 
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itty  to  put  in  a  piece  of  soap,  the  oily  matter  in  which 
toie^  and  spread  over  the  surface  of  the  wash,  and  by 
lireaking  the  large  bubbles,  prevented  it  from  com* 
ing  over,  or  running  foul;  and  hence  the  disagree- 
able Boapy  taste  that  whisky  had ;  besides,  it  contained 
nore  of  a  peculiar  essential  oil,  derived  from  the  malt. 
IMstiUers  now  pay  duty  according  to  the  Hrengik  of  their 
wash,  and  the  quanHty  of  spirit,  .taking  care  that  the  lat- 
ter b  of  the  proper  specific  gravity ;  hence  it  is  that 
whisky  is  now  far  superior  to  what  it  formerly  was,  the 
^rit  being  distilled  off  more  gradually,  and  brioging 
with  it  less  of  the  substances  that  gave  it  the  disagree- 
able flavour. 

Gin^  or  Hollands^  is  always  prepared  by  the  Dutch. 
The  wash  employed  is  procured  by  fermenting  a  mix- 
ture of  malt  and  tye,  and  after  the  fermentation  is  com- 
pleted, it  is  put  into  the  still  along  with  juniper  berries^ 
aad  the  distillation  carried  on  in  the  usual  way,  by  which 
a  spirit  is  obtained  having  a  peculiar  flavour,  derived 
ftom  the  junipers  *. 

Xum  is  procured  by  subjecting  to  distillation,  a  fer- 
mented  fluid  prepared  from  the  refuse  in  the  operaticm 
Ibr  making  sugar ;  the  peculiar  flavour  being  derived 
from  an  essential  oil  existing  in  the  juice  of  the  cane,  and 
which  is  brought  off  by  the  spirit  The  product  of  the 
distillation,  which  is  repeated  till  it  is  of  the  proper 
atvength,  is  colourless,  but  is  afterwards  coloured  by  the 
addition  of  a  little  burnt  sugar. 

BranAf  is  obtained  merely  by  distilling  wine,  of  course 
its  strength  and  flavour  must  depend  on  those  of  the  wine. 
The  distillation  is  performed  in  the  usual  way,  by  which 
a  colourless  spirit  is  procured,  which  is  afterwards  co- 
loured, by  mixing  with  it  some  burnt  sugar,  and  a  dye 
called  Saunders  wood. 

From  all  these  substances,  alcohol,  or  spirit  of  wine^ 


*  The  term  gin  is  applied  in  London  to  a  fluid,  procored  by  the  diitills* 
tien  of  whiaky  along  with  juniper  berries  and  oil  of  tuipentiiie,  whilt 
flMMi  OMUs  the  article  prepared  by  the  Dntdu 
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nay  be  prepared.  Whisky  is  employed  in  thia  country, 
ond  brandy  on  the  continent*  All  that  is  requisite  b  to 
put  the  spirituous  fluid  into  a  still,  and  subject  it  to  dia- 
tillati(Hi»  till  about  one  half  comes  over. ,  As  thus  pro- 
cured, it  is  not  pure;  it  still  retains  a  good  deal  of  watar, 
and  an  essential  oil,  from  which  it  may  be  in  a  great  mea- 
sure freed  by  repeated  distillation  from  potashes,  or  from 
other  substances  having  an  affinity  for  water. 

For  this  purpose  any  quantity  of  common  qpirit  of 
wine  is  poured  on  sub-carbonate  of  potass,  which  has 
been  heated  to  redness,  and  allowed  to  cool  to  about  800. 
The  water  and  carbonate  combine,  and  form  a  solution 
which,  being  heavier  than  the  spirit,  falls  to  the  bottom, 
so  that  the  latter  may  be  drawn  off  dear.  By  repeating 
this  process  several  times,  and  at  last  redistilling  either 
from  a  little  of  the  carbonate,  or  from  dried  muriate  of 
lime,  the  alcohol  is  procured  of  much  less  specific  gravi- 
ty. By  redistillation  in  this  way,  it  is  obtained  very 
nearly  fre^  from  water. 

When  spirit  of  wine  is  kept  in  a  bladder  for  sook 
time,  or  in  a  glass  jar,  the  mouth  of  which  is  covered 
with  it,  the  water  gradually  exudes  through  the  pores, 
leaving  the  spirit  much  purer ;  and  hence  also  a  method 
of  diminishing  its  specific  gravity. 

It  was  at  one  time  disputed  whether  alcohol  exist- 
ed in  vinous  fluids,  or  was  the  product  of  the  distillation ; 
but  it  has  now  been  proved  by  the  most  satisfactory  ex- 
periments, that  the  heat  serves  merely  to  separate  the 
component  parts,  the  alcohol,  being  the  more  volatile,  pass- 
ing off  in  vapour.  Thenard,  for  instance,  bias  found 
that  alcohol  may  be  procured  from  wine  by  distillation  tfi 
vacuoj  and  Brande  has  shewn,  that  it  is  separated  by  the 
addition  of  different  re-agents  without  the  application  of 
heat  From  his  numerous  experiments,  Mr  Brande  has 
given  a  table  of  the  quantity  of  alcohol  in  different  kinds 
of  vinous  and  malt  liquors,  (see  Appendix.) 

Alcohol. 
Alcohol  is  a  transparent  4X)lourle8S  fluid,  having  a  plea- 
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BftDt  odour  and  a  pungent  taste,  and  more  powerfully  in- 
toxicating than  the  fluids  from  which  it  is  procured.  Its 
q>.  gr.  varies  according  to  the  mode  of  preparing  it ;  spi- 
rit of  wine  produced  by  the  first  distillation  of  whisky  is 
about  .860,  but  by  a  second  it  comes  down  to  .885,  which 
is  the  strength  ordered  by  the  pharmacopoeia.  In  this 
state^  however,  it  containsaconsiderablequantity  of  water; 
and  hence  the  necessity  of  submitting  it  to  the  different 
processes  described,  (p.  144.).  Saussure  and  others  have 
succeeded  in  procuring  it  of  sp.  gr.  about  794  at  60 ;  but 
even  in  this  state  it  is  supposed  to  retain  a  little  water. 

Numerous  tables  have  been  given  by  Chaussier,  6iL 
pin,  and  others,  of  the  quantity  of  alcohol  of  a  certain 
qp.  gr.  in  fluids  of  different  strength,  (vid.  Appendix.) 
/  When  strong  alcohol  and  water  are  mixed,  there  is  a 
condensation  and  consequent  evolution  of  caloric,  equal 
measures  producing  a  rise  of  temperature  of  about  ^0 
Aegrees.  A  remarkable  exception,  however,  to  this  is 
mentioned  by  Thenard,  with  respect  ^  spirit  of  sp.  gr. 
970,  which,  when  mixed  with  an  equal  measure  of  water, 
gave  a  fluid  of  a  density  less,  instead  of  greater,  than  the 
mean ;  so  that  there  must  have  been  a  rarification,  and 
of  course  a  reduction  of  temperature. 

Alcohol  endures  a  very  intense  cold  without  congealing, 
having  been  subjected  to  the  lowest  temperature,  yet  ac* 
curately  measured  —91  without  becoming  solid.  Mr  Hut- 
ton  has,  however,  asserted  that  he  succeeded  in  freezing 
it^  by  exposing  it  to  a  cold  of  — 1 10,  but  hehas  not  thought 
proper  to  state  his  method  of  producing  the  reduction 
of  temperature,  nor  has  his  statement  been  confirmed  by 
any  other,  (An.  of  Phil.  1.) 

Alcohol  expands  considerably  by  application  of  heat. 
According  to  Dalton,  1000  parts  at  60,  when  raised  to 
110,  became  1039,  and  at  1070  or  double  the  distance 
from  50,  they  became  1078,  so  trifling  a  difference  from 
t^ce  the  increase  in  volume,  that  the  expansion  may  be 
considered  as  nearly  uniform  ;  and  hence,  along  with  the 
low.  temperature  to  which    it  may  be   exposed  without 
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ccmgealing,  its  value  in  the  construction  of  themonie* 
ters. 

Alcohol  of  sp.  gr.  8^  hoilg  at  176,  and  when  of  800  at 
178.5.  When,  on  the  contrary,  the  density  is  greater, 
the  boiling  point  becomes  higher.  In  vaauOy  when  of  sp. 
gr.  815,  it  passes  off  at  56  in  vapour,  the  density  of  which 
at  50  is  1613,  compared  to  air  as  1000.  During  the 
evaporation,  a  great  degree  of  cold  is  produced,  aa  is 
shewn  by  the  simple  experiment  of  covering  the  ball  of 
a  thermometer  with  a  piece  of  muslin,  dipping  it  in  aloo- 
hol,  and  whirling  it  in  air,  by  which  the  temperature 
sinks  below  the  freezing  point. 

When  exposed  to  a  high  heat  excluded  from  air,  it  is 
decomposed,  water,  carbonic  acid,  and  carburetted  hydro* 
gen,  being  given  off,  while  a  little  carbon  is  deposited  in 
the  tube  through  which  it  is  transmitted.  This  experi- 
ment may  be  shewn  by  using  the  same  apparatus  as  that 
for  the  decomposition  of  water,  (p.  138.  vol.  i.),  the  al- 
cohol being  put  into  the  retort.  A,  and  the  gaseous  mat- 
ter collected  in  the  jar  on  the  water  trough  ;  but  before 
putting  the  end  of  the  tube  into  the  trough,  it  may  be 
kept  in  a  flask  for  some  time,  the  inside  of  which  will 
soon  become  dim  from  the  deposition  of  moisture. 

When  heated  in  contact  with  air,  it  bums  with  a  feeble 
flame,  but  giving  out  considerable  heat  and  no  smoke ; 
and  hence  its  use  as  a  means  of  affording  heat  in  carry- 
ing on  operations  on  a  small  scale.  For  this  purpose,  it 
is  consumed  on  a  cotton  wick,  in  a  lamp,  made  either 
of  glass  or  brass,  and  to  the  neck  of  which  a  cap  is  fitted 
to  prevent  the  waste  of  the  spirits  when  not  in  use.  The 
temperature  necessary  for  the  combustion  U  about  800, 
and  the  products  are  carbonic  acid  and  water :  and  that 
this  is  the  case,  is  proved  by  holding  a  bell  jar  over  a 
spirit  lamp,  by  which  it  soon  becomes  dim  from  the  de- 
position of  moisture ;  and  by  throwing  in  a  little  lime- 
water,  it  becomes  turbid  from  the  formation  of  carbonate 
of  lime. 

These  experiments  are  sufficient  to  shew  that  carbon, 
oxigen,  and  hydrogen,  are  the  ingredients  of  alcohol ; 
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and  by  this  and  other  similar  modes  of  analysis,  the  pro^ 
portions  have  been  determined  with  precision.  Lavoisier^ 
by  burning  a  certain  weight  of  it,  and  finding  the  eon^^ 
sumpt  <^  oxigen,  fixed  the  proportions  at 

98,5  carbon,  7.8  hydrogen,  63.7  water. 
The  composition  given  by  Saussure,  (An.  de  Chim. 
Ixxxix.),  is  very  different  from  this,  and  his  results  have 
been  confirmed  by  other  experimenters.  His  experiments 
were  conducted  by  burning  the  alcohol,  by  passing  it 
through  incandescent  tubes,  and  by  the  transmission  of 
electricity  through  its  vapour  when  mixed  with  oxigen. 
The  average  of  his  results  gives  the  composition, 

carbon,      51.98  or  2  atoms 

oxigen,      84.32      1  atom 

hydrogen,  13.7        3  atoms. 


100.00 
In  considering  the  composition  of  alcohol  as  given  by 
Saussure,  it  is  evident  that  the  ingredients  are  just  in  pro- 
portion to  form  olefiant  gas  and  water,  for,  uniting  the  1 
of  oxigen  with  1  of  hydrogen,  there  are  left  S  of  hydro- 
gen and  2  of  carbon ;  so  that,  viewing  it  in  this  light, 
alcohol  is  composed  of 

olefiant  gas,  2  atoms,  or  60.87 
water,  1  atom,   or  87.13 


100. 
The  sp.  gr.  of  alcohol  vapour,  it  has  been  already  stat- 
ed, is  1613.  Now,  if  we  consider  it  composed  of  olefiant 
gas  and  watery  vapour,  it  must  contain  not  only  equal 
▼olnmes  of  these,  but  they  must  be  compressed  into  half 
their  original  volume.     In  the  first  place, 

Wdght  of  otof.  Wdght  of  wfttfer.  Sp.  gr.  of  ckt.  Sp.  gr.  of  ttmn. 

60.87    :    39.13   :  :    972   :     624.8 
again,  972  +  6248  =  1596.8, 
not  far  short  of  1613  ;  in  fact,  this,  it  is  more  than  pro- 
hable,  is  the  real  sp.  gr.  of  alcohol  vapour. 

This  analysis  is  important  as  tending  to  an  explanation 
of  the  changes  that  take  place  during  the  formation  of 
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alcohol ;  and,  of  course,  of  the  phenomena  of  vinou8  fer* 
mentation.  It  will  be  afterwards  shewn  that  sugar  it 
composed,  (see  Sugar,)  of  an  atom  of  carbon,  oxigen,  and 
hydrogen ;  and,  supposing  it  to  be  the  necessary  ar- 
ticle in  the  formation  of  the  vinous  product,  the  changes 
that  have  ensued  are  the  disappearance  of  the  sugar,  and 
the  formation  of  alcohol  and  carbonic  acid.  Gay  Lussac, 
in  accounting  for  the  decomposition,  (An.  de  Chim.  xcv.) 
gives  the  following  as  the  composition  of  the  substances 
before  and  after  fermentation,  multiplying  the  ingredients 
of  the  sugar  by  3,  so  as  to  have  the  hydrogen  in  it  and 
in  alcohol  the  same.  * 

Aloinior  Inmgu.  In  aloahol.  la cntooBlc acUL 

carbon,        3  =  22.5  2  =  15.  1  =    7.5 

oxigen,         3  =  80.  1  =  10.  1  =  20. 

hydrogen,    3  =    3.76  3  ==    3.76 


66.25  28.75  27.5 

and  28.76  +  27.6  s  66.26. 

So  that,  according  to  this  view  of  the  subject,  the  only 
change  effected  on  sugar  during  the  vinous  fermentation, 
is  the  resolution  of  it  into  alcohol  and  carbonic  acid  ;  and 
the  above  table  shews  that  56^  of  sugar,  should  yield 
28f  of  the  former,  and  27^  of  the  latter,  supposing  that 
there  is  no  waste,  but  this  is  never  to  be  expected  in  the 
common  modes  of  conducting  the  process. 

Alcohol  dissolves  phosphorus,  and  the  solution  exhales 
the  odour  of  phosphuretted  hydrogen.  From  it  the 
phosphorus  is  deposited  on  the  addition  of  water. 

Most  of  the  acids  act  powerfuUy  on  alcohol,  but  the 
results  differ  according  to  the  proportions  of  the  sub- 
stances employed.  When  a  large  quantity  of  sulphuric 
acid  is  used,  the  mixture  becomes  black,  and  olefiant 
gas  is  disengaged  ;  and  hence  the  method  usually  fol- 
lowed in  preparing  it. 

For  this  purpose  2  parts,  by  measure,  of  sulphuric 
acid,  and  1  of  sJcohol,  are  put  into  a  retort ;  and,  after 
shaking  the  vessel  to  mix  the  materials,  heat  is  applied, 
by  which  a  gaseous  matter  is  disengaged,  and  may  be 
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ooUected  over  water.  It  is  not,  however,  pure ;  it  is 
mixed  with  a  little  carbonic  acid,  but  from  which  it  may 
be  freed,  by  shaking  it  with  lime  water,  or  by  using  a 
lime  water  trough.  Towards  the  end  of  the  process,  the 
mixture  becomes  thick,  and  froths  up  in  the  retort,  and 
carbcHiic  and  sulphurous  acids  are  disengaged;  be- 
cause, at  the  high  temperature  at  which  the  action  is 
going  on,  the  carbon  deposited  from  the  spirit,  unites 
with  part  of  the  oxigen  of  the  sulphuric  acid. 

If  we  consider  alcohol  as  composed  of  olefiant  gas  and 
water,  then  the  change  effected  on  it  by  the  sulphuric 
acid  in  this  instance,  is  merely  the  abstraction  of  the  lat- 
ter, for  which  the  add  has  a  strong  affinity,  and  the  expul- 
sion of  the  former.  But,  besides  these,  there  is  a  deposition 
of  carbon,  and  formation  of  other  products,'from  part  of 
the  alcohol  being  resolved  into  its  ultimate  elements. 

When  the  acid  is  employed  in  less  proportion,  the  ac- 
tion is  different,  the  product  being  a  transparent  colour- 
less fluid,  called  ether ;  but  the  properties  of  ethers  will 
be  described  after  having  given  those  of  alcohol,  with 
other  substances. 

Alcohol  dissolves  the  alkalies,  and  forms  solutions  of 
a,  brownish  colour.  On  the  affinity  between  them  de- 
pends the  method  of  obtaining  each,  free  from  impurities, 
the  former  being  deprived  of  its  water  by  the  addition 
of  an  alkali,  (p.  144.),  while  the  latter  may  be  freed 
of  its  impurities  by  solution  in  alcohol.  The  prepara- 
tion of  alcoholic  solution  of  ammonia,  is  a  pharmaceuti- 
cal process.  For  this  purpose  the  Edinburgh  Pharma- 
copceia  (mlers 

Quicklime,  sixteen  ounces. 

Muriate  of  ammonia,  eight  ounces. 

Water,  eight  ounces. 

Alcohol,  thirty-two  ounces. 
They  are  put  into  a  retort,  to  which  a  receiver  is  adapt- 
ed ;  and,  by  the  application  of  heat,  the  lime  acting  on 
the  salt,  disengages  the  ammonia,  which  coming  off*  with 
the  alcoholic  vapour,  is  condensed  along  with  it  in  the 
receiver. 

Alcohol  dissolves  many  of  the  compound  salts,  while 
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it  does  not  a^t  on  others.-^A  table  of  the  salts  Bolubk  in 
it,  is  given  in  the  Appendix. 

When  to  any  aleohoHo  solution  of  4  salt^  90t  aoliibl^ 
in  water^  water  is  added,  there  is  an  immedifite  preoipi- 
tation,  owing  to  the  fluids  uniting ;  and  the  same  also  o^ 
ours  on  the  addition  of  alcohol  to  a  watery  solutioa  of  a 
salt  not  soluble  in  it. 

The  solutions  of  some  of  the  salts  bum  with  a  peculiar 
flame.  That  of  muriate  of  strontia  is  red ;  of  eoppeft 
green. 

The  action  between  alcohol  and  som$  of  the  matalsi 
particularly  platinum,  is  remarkable.  When  a  simU 
piece  of  thin  platinum  leaf,  suspended  by  a  wife^.  is  b^t^ 
ed  by  a  spirit  lamp,  and  then  quickly  put  into  a  glassi  ia 
which  there  is  a  little  alcohol,  so  as  to  haye  it  just  over 
the  surface,  and  of  course  in  the  vapour  arising  from  it, 
it  continues  red  hot,  as  long  as  there  is  any  fluid  in  the 
jar,  which  is  owing  to  the  vapour  undergoing  a  sort  of 
coonbustion,  and  generating  heat  sufficient  to  keep  the 
metal  in  that  state.  Hence  the  lamp  without  flamej^ 
which  is  merely  a  common  spirit  lamp,  but  hAV- 
ing  a  spiral  of  platinum  wire,  about  the  thick- 
Bees  of  the  l-50th  part  of  an  iach,  pla^eed  round 
the  wick,  but  not  in  contact  with  it  On  kind- 
ling the  spirit,  the  platinum  becomes  red  hot, 
and  on  extinguishing  the  flame,  the  vapour  coming  ofi^^ 
keeps  the  metal  ignited,  so  that,  on  applying  a  match,  it 
kindles  it,  which  also  sets  the  spirit  on  fircw 

Dalton  and  Henry  have  riiewn,  that  in  this  instance 
the  same  products  are  formed,  as  when  the  alcohol  is 
burned ;  in  fact,  it  is  merely  oombustipi),  but  without 
flame. 

Ethebs. 

The  substances  formed  by  the  action  of  acids  on  alco- 
hol are  called  dliers  ;  and  to  distinguish  them  from  each 
other,  the  name  of  the  acid  by  which  they  are  formed,  is 
added.     Thus  we  have  stdphuric,  nitric  ether,  &c. 
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Sutphmie  Ether. 

« 

The  preparation  of  sulphuric  ether  is  a  pharmaceutical 
process.     The  orders  given  in  the  Edinburgh  Pharmaco- 
poeia are, 
.  Take  of  alcohol  and  sulphuric  acid,  of  each  SS  ounces. 

Pour  the  alcohol  into  a  retort,  add  the  acid,  and  in- 
•timtiy  proceed  to  the  distillation,  by  placing  the  body 
of  the  retort  into  a  sand-bath,  previously  heated ;  and 
having  adapted  a  receiver,  distil  off  16  ounces,  which  will 
occupy  about  an  hour  and  a  half.  As  the  product  con- 
tains a  little  acid  and  water,  mix  it  with  one-fourth  of  an 
ovnce.of  caustic  potass,  and  re-distil,  till  ten  ounces  are 
obtained. 

If,  instead  of  stopping  the  process  in  the  first  distilla- 
lioB,  when  the  requisite  quantity  of  ether  has  been  ob- 
tained, the  receiver  be  removed,  and  another  put  in  its 
place^  on  the  continuance  of  the  heat,  a  fluid  comes  over, 
having  an  etherial  odour,  but  mixed  with  an  oily-looking 
matter,  called  oil  qf  wine.  There  is,  at  the  same  time, 
a  disengagement  of  olefiant,  carbonic  acid,  and  sulphu- 
rous acid  gases,  and  the  mixture  swells,  and  is  apt  to 
flofw  over. 

Sulphuric  ether  is  a  transparent  colourless  fluid,  having 
a  hot  pungent  taste,  and  strong  fragrant  odour,  acting  as 
4  powerful  stimulant  to  the  animal  frame. 

Its  specific  gravity,  when  pure,  is  682;  but  it  is  sel* 
dom  got  so  low  as  this,  being  in  general  about  780,  or 
even  760,  owing  to  adulteration  with  alcohol. 

It  is  very  volatile,  passing  off  quickly  in  vapour,  even 
at  a  natural  temperature.  The  vapour  is  easily  procur- 
ed, by  throwing  a  little  into  a  jar,  covering  it  with  a 
plate,  and  shaking  it  for  some  time,  by  which  the  whole 
of  it  disappears ;  of  course,  the  vapour  is  not  pure,  being 
mixed  with  atmospheric  air.  During  the  evaporation,  a 
great  degree  of  cold  is  produced,  more  particularly  if 
the  process  be  conducted  in  vacuo.  If,  for  instance,  the 
bulb  of  a  mercurial  thermometer,  surrounded  with  mus- 
lin, be  placed  under  the  receiver  of  a  pump,  and  after 
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exhausting,  ether  be  allowed  to  drop  on  it,  the  cold  ex- 
cited by  the  rapid  evaporation,  is  sui&cient  to  freeze  the 
mercury. 

The  specific  gravity  of  the  vapour  is,  according  to 
Dalton,  SS50;  according  to  Gay  Lussac,  12686.  Its 
elasticity,  of  course,  varies  according  to  the  temperature. 
(See  Appendix.) 

Ether  congeals  at  — 4?6^,  and  boils  at  about  98 ;  bu*t  the 
boiling  point  varies  according  to  its  specific  gravity.' 
When  subjected  to  a  strong  heat,  it  is  decomposed,  car- 
buretted  hydrogen  and  an  oily  fluid  coming  oflP,  and  car-' 
bon  being  deposited.  ^ 

When  heated  in  air,  it  bums  with  a  white  flame,  car-' 
bonic  acid  and  water  being  generated,  which  may  be^ 
shewn  by  the  same  process  as  with  alcohol.  The  easy 
inflammability  of  ether,  is  beautifully  illustrated  by  the 
application  of  heat  to  the  mouth  of  the  jar  in  which  its 
vapour  has  been  formed  by  agitation ;  or,  by  pouring  a 
little  on  a  piece  of  white  sugar,  and  throwing  it  into  a 
glass  of  warm  water,  the  vapour  is  instantly  given  cff, 
and  may  be  kindled. 

Ether  does  not  act  with  oxigen  at  a  natural  tempera* 
ture.  When  introduced  into  it  over  mercury,  the 
elastic  fluid  is  about  doubled  in  its  volume  by  the  trans- 
mission of  an  electric  spark ;  provided  the  oxigen  is  in 
excess,  the  mixture  may  be  exploded,  and  carlxmic  add 
and  water  are  the  results.  Hence  a  method  followed  in 
the  analysis  of  ether ;  and  it  has  also  been  analyzed  by 
transmitting  its  vapour  through  incandescent  tubes.  Dif-' 
ferent  statements  have^  however,  been  given  of  its  com- 
position. 

SatuniTCw  ISte,  TImidiqo. 

carbon,        -         67.98  60.  64.865 

oxigen,        -         17.62  26.66  21.628 

hydrogen,      -       14.40  18.84  13.618 


100.00  100.00  100.000 

Considering  the  last  as  correct,  ether  is  composed  of 
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■  ' 

carbon,  4  atoms, 

oxigen,  1  atom, 

hydrogen,  8  atoms ; 

and  if  we  suppose  that 

dxigen,  1  atom, 

hjrdrbgen,  1  atom^ 

are  combined  to  form  water,  then  there  remain, 

hydrogen,  4  atoms, 

carbon,  4  atoms^ 

the  constituents  of  olefiant  gas. 

Viewing  it  in  this  way,  the  composition  may  be  stated 
tobe^ 

olefiant  gas,       4  atoms, 

water,  1  atom ; 

but  alcohol  is  composed  (p.  147.)  of 

olefiant  gas,       4  atoms, 

water,  2  atoms ; 

•b  that  the  only  difference  between  them,  is  1  atom  of 
water. 

If  this  view  of  its  composition  be  correct,  we  can  easi^ 
ly  account  for  the  action  during  its  formation,— the  acid 
decomposing  the  spirit,  and  by  its  powerful  affinity  for 
water,  removing  one  of  its  atoms,  and  setting  the  olefiant/ 
gas  with  the  other  free,  in  the  state  of  ether.  Be- 
sides these  changes,  however,  others  take  place,  such  as 
the  deposition  of  carbon,  and  the  formation  of  an  acid 
called  stilpho-vinicy  or  oino4hioniCf  (tft^nef^t^^  sulphur^) 
formed  by  the  re-action  of  part  of  the  sulphuric  acid  on 
the  elements  of  the  spirit ;  but  this  is  altogether  indepen- 
dent  of  that  necessary  for  the  formation  of  ether  itself. 

Sulpho-vinic  acid^  formed  during  the  action  of  sulphu- 
ric acid  and  alcohol,  and  noticed  particularly  by  Ser- 
tuemer,  has,  along  with  oU  ofmne^  been  lately  made  the 
subject  of  experiment  by  Mr  Hennell,  (Lond.  Journal, 
xlii.)  According  to  him,  oil  of  wine  is  composed  of  suU 
phuric  acid  and  olefiant  gas,  in  the  proportions  of  2  atoms 
to  8.  When  heated,  half  of  the  latter  is  disengaged, 
and  sulpho-vinic  acid  is  left,  composed  of  %  atoms  of  suU 
phuric  acid,  and  4  of  olefiant  gas,  and  which  is  in  the 
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state  that  it  uniteg  with  1  atom  of  a  salifiable  base,  to  fomi 
a  salt 

Ether  does  not  unite  readilj  with  water.     When  shak- 
en together,  it  retains  1-lOth  of  its  weight  of  it^     «» 
andi  at  the  same  time,  the  alcohol  which  it  may   ^K. 
contain  is  removed  4  and  hence  a  mode  of  pu- 
rifying it.    For  this  purpose,  they  are  put  toge* 
ther  into  a  bottle.  A)  and  shaken  together  for 
some  time.     On  allowing  it  to  stand  at  rest,  the 
water  falls  to  the  bottom^  and  may  be  drawn 
e£P  at  B  ;  and  by  repeating  the  process  several 
times,  pouring  in  water  at  C,  the  ether  is  obtained  pure. 

Ether  dissolves  sulphur  and  phosphorus.  The  solu- 
tion of  the  latter,  when  poured  over  warm  water,  is  lumi- 
nous in  the  dark. 

The  action  with  chlorine  is  peculiar.  When  a  tea- 
spoonful  of  it  is  thrown  into  a  jar  of  the  gas,  previously 
Tendered  dry,  and  the  mouth  covered  with  a  piece  cf 
wood,  white  fumes  instantly  appear,  and,  in  the  course 
of  a  short  time,  the  ether  is  inflamed. 

Ether  does  not  dissolve  the  fixed  alkalies  or  earths; 
but  it  takes  up  some  of  the  salts,  as  muriate  of  gold.  Its 
use  in  gilding  has  been  noticed,  (p.  87.)^ 

It  acts  with  platinum  exactly  in  the  same  way  as  alco* 
hoi ;  its  vapour  keeping  the  leaf  red-hot,  and  being  eoa- 
verted  into  carbonic  acid  and  water ;  but  besides  this, 
there  is  the  formation  of  an  acid,  supposed  at  one  time 
to  be  peculiar,  but  now  known  to  be  merely  acetic,  dis- 
guised by  the  presence  of  a  little  carbon  and  hydrogen, 
probably  in  the  state  of  essential  oil. 

NUric  EiJier. 

DifiSerent  methods  have  been  proposed  for  preparing 
nitric  ether,  but  they  all  depend  on  the  decomposition  of 
alcohol  by  nitric  acid.  When  nitroui  add  and  aloohol 
are  mixed,  there  is  a  violent  action,  accompanied  with 
the  disengagement  of  etherial  fumes,  and  the  heat  gene- 
rated is  sometimes  sufficient  to  cause  the  mixture  to  be 
inflamed,  so  that  great  caution  is  necessary  in  conducting 


NITRIC  ETHER.  156 

ibis  etperimmt.  In  the  preparation  of  ethler,  equal  parts 
of  acid  and  alcohol  are  employed,  and  having  put  each 
mho  a  phial,  they  are  to  be  placed  into  a  eold  mixtnre. 
The  acid  is  then  to  be  added  in  small  quantities  at  a 
time  to  the  alcohol,  taking  care  to  cool  after  each  addi- 
tion* When  properly  mixed,  the  whole  is  poured  into  a 
retcnrt,  and  by  the  application  of  a  veiy  Mght  heat,  as 
that  <^  a  spirit  lamp,  or  warm  water  bath,  the  distillation 
is  to  be  carried  on  till  about  half  of  it  comes  off,  the  va- 
pour being  condensed  in  the  usual  way,  but  keeping  the 
receiver  cool  by  a  freezing  mixture  *. 

During  the  formation  of  nitric  ether,  a  considerable 
quantity  of  gaseous  matter  comes  off,  consisting  of  car- 
bonic acid,  nitrogen,  nitric,  and  nitrous  oxids.  The- 
nard,  therefore,  supposes  that  both  the  acid  and  alcohol 
decomposed,  part  of  the  oxigen  of  the  former  uniting 
some  of  the  hydrogen  and  carbon  of  the  latter,  to 
Ibrm  carbonic  acid  and  water,  while,  by  the  loss  of  oxi- 
gen, the  oxids  of  nitrogen  are  evolved  ;  at  the  same  time 
part  of  the  acid,  or  of  its  elements,  is  supposed  to  unite 
with  those  of  the  spirit,  to  produce  the  ether.  If  this 
be  the  case,  it  is  evident  that  its  ingredients  are  the  same 
as  those  of  sulphuric  ether,  with  the  addition  of  nitro- 
gen. According  to  Thenard,  they  are  in  the  propor- 
tion of 

Carbon,         2&45 

Oxigen,         48.52 

Hydrogen,      8.64 

Nitrogen,      14.49 


100.00 
Nitric  resembles  sulphuric  ether  in  most  of  its  proper- 
ties, but  it  is  much  more  volatile,   the  heat  of  the  hand 
being  sufficient  to  make  it  boil.     According  to  Thenard, 


*  It  has  been  recomncnded  to  wait  far  lomc  dayi,  before  pfoeMdIng 
t». distil;  but  there  is  no  necessity  for  tliis  delay,  provided  the  operator  is 
caidul  i0  the  application  of  the  heat,  which  ought  to  be  so  regidated,  as  just 
W  keep  the  fluid  in  a  state  of  slight  ebullition. 
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the  boiling  point  is  only  70.     It  is  soluble  in  water^  re^ 
quiring  about  48  parts  to  dissolve  it. 

When  heated  in  air,  it  is  inflamed^  and  carbanic  acidl 
and  water  are  produced. 

When  kept  for  some  time,  it  undergoes  decompo^tiooy 
nitrous  acid  and  the  acid  of  vinegar  being  formed. 

In  the  Edinburgh  Pharmacopceia,  a  process  is  given  ^ 
for  preparing  what  is  called  the  spirit  of  nitrous  ether, 
1  of  acid,  and  8  of  alcohol,  being  employed  instead  of 
equal  proportions,  as  in  the  preparation  of  the  ether  it- 
self. It  is  probable,  that  the  product  of  the  distillation, 
is  merely  nitrous  ether,  with  excess  of  alcohoL 

Muriatic  Ether. 

Muriatic  ether  may  be  prepared  by  the  distillatioa  of 
the  acid  and  alcohol,  or  by  distilling  alcohol  with  muriate 
of  tin :  but  perhaps  the  easiest  mode  of  procuring  it,  is 
the  transmission  of  a  stream  of  chlorine  through  alcohol, 
employing  the  usual  apparatus.  The  fluid,  after  being 
saturated  with  the  gas,  is  then  to  be  put  into  a  retort, 
along  with  chalk,  and  distilled  by  a  slight  heat,  by 
which  the  superfluous  muriatic  add  is  taken  up,  and  the 
ether,  along  with  any  excess  of  alcohol,  come  over  to- 
gether but  may  be  separated  by  washing  with  water,  aa 
already  stated,  (p.  154.) 

Muriatic  ether  is  also  transparent  and  colourless,  vola- 
tile and  inflammable.  According  to  Robiquet  and  Co- 
lin, (An.  de  Ch.  et  de  Ph.  ii.)  it  is  composed  of  muria- 
tic acid,  with  carbon  and  hydrogen,  in  the  proportion 
forming  olefiant  gas. 

Ethers  with  other  acids  may  be  formed,  but  their  pco- 
perties  have  not  been  minutely  investigated. 

AcETocJs  Febmentation. 

Every  substance  which  undergoes  the  vinous,  may  be 
made  to  pass  into  the  acetous  fermentation;  there  are,  be- 
sides, many  that  seem  at  once  to  run  into  the  latter, 
particularly  those  which  contain  much  mucilage,  and 
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little  sugar.  Alcohol,  wheii  pure,  does  not  undergo  ace- 
tous fermentation,  but  if  it  contain  vegetable  matter,  a 
•change  takes  place  in  it ;  hence  the  reason  why  wines  be* 
come  sour,  and  why  weak  do  so  sooner  than  strong  ones, 
the  former  having  little  alcohol,  and  a  good  deal  of  veger 
table  matter,  while  the  reverse  is  the  case  with  the  latter^ 
Wine  which  has  been  deprived  of  its  vegetable  matter 
by*clarification  does  not  become  sour,  but  if  some  of  this 
be  put  in,  acetous  fermentation  commences  under  favours- 
able  circumstances.  Certain  things  are  necessary  for  this 
change  taking  place.  The  fluid  must  be  kept  at  a  par- 
ticular temperature ;  between  60  and  80  is  the  best,  but 
if  it  fall  below  50,  the  fermentation  stops.  It  must  also 
be  exposed  to  the  air,  otherwise  it  does  not  take  place ; 
hence  the  reason  why  spirituous  and  malt  liquors  do  not 
become  sour,  when  kept  in  well  corked  bottles.  The 
INResence  of  some  substance  that  acts  as  a  ferment  is  also 
necessary,  which  may  be  either  yeast,  or  the  sediment  from 
a  fluid  that  has  already  undergone  the  process. 

It  appears  that  sugar  is  the  essential  ingredient  in 
thoee  fluids  that  undergo  acetous  fermentation,  and  the 
quantity  of  vinegar  formed  is  to  a  certain  degree  in  pro« 
portion  to  it ;  thus,  7  of  water  and  1  of  sugar,  with  a 
little  yeast,  form  vinegar :  if  more  be  used,  part  is  left 
imdecomposed. 

In  those  countries  where  grapes  abound,  vinegar  is  ge- 
nerally prepared  from  wine.  In  this  island  it  is  usuidly 
obtained  from  grain.  That  from  the  former  is  reckoned 
not  only  the  best,  but  least  liable  to  decay,  for,  when 
prepared  from  the  latter,  it  contains  vegetable  matter, 
which  causes  it  to  become  mouldy  ;  but  this  may  in  a 
great  measure  be  prevented  by  boiling,  by  which  the 
substance  in  solution  is  coagulated,  and  may  be  removed. 

In  manufacturing  vinegar  from  malt,  a  uw^  made 
in  the  usual  way,  by  mashing  it  with  water,  after  being 
mixed  with  yeast,  which  is  put  into  barrels,  and  kept  at  a 
moderate  heat  for  some  weeks,  during  which  it  becomes 
sour,  having  previously  passed  through  the  vinous  stage, 
and  afterwards  run  into  the  second  or  acetous.     Vinegar 
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18  often  made  on  a  small  scale,  for  which  purpose  sugar, 
or  fruit,  as  currants  or  gooseberries,  are  mixed  with  wa- 
ter, to  which  there  is  added  a  little  yeast.  The  whole 
is  put  into  a  cask,  and  kept  in  a  warm  room  till  it  is 
known  by  the  taste  to  have  become  sufficiently  sour, 
after  which  it  is  bottled  and  corked,  to  prevent  it  honk 
becoming  mouldy. 

Vinegar,  as  usually  obtained,  is  of  a  pale  brown  eokmr, 
having  a  pleasant  odour  and  a  sour  taste.  It  contains 
water,  glutinous,  mucilaginous,  and  saoebarine  matter, 
and  an  acid  not  yet  described,  called  acetic.  (See  Vege^ 
iable  Jcids.) 

During  the  progress  of  acetous  fermentation,  carbomc 
acid  gas  is  disengaged,  and  it  has  been  found  that  the 
oadgen  of  the  atmosphere  is  at  the  same  time  consumed  ^ 
from  which  it  has  been  inferred,  that  the  carbon  existing 
in  the  acid  is  enntted  from  the  fluid  undergoBig  the 
change,  and  unites  with  the  oxigen  of  the  air  ;  and  this 
seems  strengthened  by  the  fact,  that  the  gaseous  matter 
produced  is  equal  in  volume  to  the  oxigen  consumed. 
The  particular  changes,  however,  that  take  place,  by 
which  alcohol  or  vegetable  matter  is  converted  to  vinegar, 
have  not  yet  been  ascertained. 

Vinegar  is  now  manufactured  on  a  large  scale  by  sub- 
jecting wood  to  distillation,  a  process  much  practised  frt: 
procuring  that  employed  in  the  arts,  as  in  the  prepara- 
tion of  the  different  salts  containing  it.  For  this  p«v- 
poee,  wood  is  put  into  large  cast  iron  cylindiers^  and  hesa- 
ed  to  redness,  by  which  its  elements  are  made  to  enter 
into  a  new  state  of  union,  and  generate  vinegar,  which 
passes  off  in  vapour,  and  is  condensed  in  receivers ;  it  is 
not,  however,  pure,  it  is  mixed  with  tarry  matter,  but 
from  which  it  is  easily  freed  by  repeated  distillation. 
In  this  state  it  is  called  pyroUgneous  addf  (m^^  fire,  ttg- 
Hum,  wood.)  It  is  then  a  transparent  colourless  fluid, 
having  a  much  sourer  taste,  but  by  no  means  the  plea- 
sant flavour  of  common  vinegar. 
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Almost  every  kind  of  vegetable  matter  is  liable  to  un- 
dergo putrefaction ;  certain  circumstances  are,  however, 
necessary  for  the  commencement  of  this  process,  as  the 
presence  of  moisture  and  a  proper  heat.     The  substance 
first  acquires  a  mould  on  its  surface,  it  emits  a  disagree- 
able smell,  and  in  the  course  of  time  is  almost  entirely 
consumed.     That  moisture  is  necessary  for  the  matter  to 
putrefy  is  evident,  for  if  it  be  subjected  to  a  high  tempe- 
rature, which  drives  off  the  watery  part,  it  does  not  af- 
terwards suffer  any  change.     The  temperature  to  which 
it  should  be  subjected  to  make  it  undergo  the  putrefactive 
process,  must  therefore  be  such  as  will  not  expel  the 
moisture,  and  the  admission  of  air  also  favours  the  de- 
composition ;  the  ingredients  being  dissipated  in  the  form 
of  new  aeriform  fluids.     Many  substances,  however,  par- 
ticularly those  in  which  there  is  a  large  pn^xMrtion  of 
durcoal,  are  not  consumed ;  there  remains  a  black  mat- 
ter called  vegetable  motUd^  which,  when  excluded  from 
file  air^  does  not  putrefy,  but  soon  does  so  when  exposed 
toiL 

Vegetable  mould  forms  a  principal  part  of  the  soil, 
and  contributes  in  no  small  degree,  when  properlj  treat- 
ed, to  vegetation,  for  which  purpose  the  earth  requires 
to  be  frequently  turned  up,  to  expose  the  mould,  and  bL 
low  putrefaction  to  go  on,  by  which  the  matter  probably 
passes  into  that  state,  that  it  is  easily  dissolved  by  wa- 
ter, and  is  thus  taken  up  by  plants,  and  affords  them 
nourishment.  When  this  is  not  done,  and  when  the  ve- 
getaUe  matter  mixed  with  the  soil  is  in  large  quantity, 
it  collects,  and  forms  peai  and  mortus. 
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TJ 1- 
HIS  8|ib$tance,  sq  familiar  from  its  general  lu^iim 

been  long  known,  but  it  ^as  not  till  after  t)ie  4i9CPv^ 
of  America  that  it  was  introduced  to  Europe  as  an  f^r« 
ticle  of  food.  It  is  generally  obtained  from  tb^  juio;.^ 
the  sugar  cane,  consisting  qf  water  holding  sugiB^r^,4i^ 
solved  in  it,  a  mucilaginous  mattipr^  ani  aa^.essenitial 
oil,  and  along  with  the^  there  fire  piece^  of  the.c^f^ 
andle^f,  and  other  impuritieS|  all  of  which  j[t,  is  |th(|,9]|)|f 
ject  of  the  processes  to  which  it  is  subjected  to  leufffffi^ 
The  juice  extracted  by  passing  the  cane  between  ,x)o][l§|^ 
after  being  brought  to  a  boiling  heat,  is  mixed  wit^  ah^k- 
ed  lime,  with  the  view  of  neutralizing  any,  aci4,  tjbat 
may  exist  in  it,,  after  which  the  clea^,  fluid. is. draynf  f}£ 
into  evaporating  basins,  and  evaporated^  aa.  quickj^jtt 
possible,  the  scum  being  riemoved  as  it  rises  tQjt)||{i 
surface,  and  the  boiling  continued,  till  it  beconi^^qf 
such  consistence,  that  it  will  crystallize  on  cooling. 
It  is  then  poured  into  wopden  troughs,  where.  Jt 
deposits  small  crystals^  surrounded  by  a  brownif^. 
fli^d.  The  crystalline  mass  thus  obtained  is  put  into, 
hogsheads,  in  the  bottom  of  which  there  are  a  number 
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of  BDiall  holes,  and  placed  over  a  large  cistern,  which  is  tp 
collect  the  molasses  or  treacle  that  drops  through ;  after  it 
has  dripped  for  two  or  three  weeks,  it  is  nearly  dry,  in 
which  state  it  is  imported  to  this  country,  under  the  name 
of  muscovado  or  raw  sugar. 

Raw  sugar  contains  impurities,  from  which  it  is  freed 
by  the  process  of  refining,  practised  almost  always  in  Eu- 
rope. For  this  purpose,  it  is  dissolved  in  lime  water, 
atid  after  being  brought  to  a  boiling  heat,  has  bullock's 
blood  mixed  with  it,  which  being  instantly  coagulated^ 
entangles  the  foreign  matter,  and  is  skimmed  off  as  it 
rises  to  the  surface  ;  at  the  same  time,  the  lime  neutra- 
lizes any  acid  that  may  have  been  left  in  the  preceding 
process.  After  this  it  is  filtered  through  blankets,  and 
boiled  down  to  the  proper  consistence,  and,  when  cold, 
is  poured  into  unglazed  earthen  vessels,  of  a  conical 
diape,  with  their  smaller  ends  down,  and  having  a  hole 
in  them,  stopped  with  a  plug  of  clay,  but  which,  after 
the  evaporated  juice  has  become  solid,  is  removed,  and; 
the  unconsolidated  part  is  allowed  to  drip  through  for. 
iome  hours ;  a  piece  of  wet  day  is  then  put  on  the  upper 
of  broad  end,  the  water  of  which  passes  through  the 
flbgar,  and  carries  out  the  impurities,  the  process  being, 
repeated  till  the  whole  is  removed.  When  the  claying  is-. 
finished,  the  sugar  is  hardened,  by  heating  it  in  a  stove- 
Mom,  and  is  then  called  loaf  ox  rejined  sugar.  It  some* 
tinies  also  undergoes  a  second,  or  even  a  third  purifica- 
tion, and  is  then  called  double  or  triple  refined. 

•  Sugar,  when  pure,  is  white,  and  when  crystallized,  is 
semi-transparent.    Its  specific  gravity,  according  to  Has^. 
senfratz,  is  1100.     When  two  pieces  of  it  are  rubbed  to* 
g^ber  in  the  dark,  they  become  luminous  at  the  point 
of  contact. 

•  When   subjected   to  heat  in  close  vessels,   carbonic 
acid,  carburetted  hydrogen,  and  a  weak  acidulous  fluids 
arc  given  off,  and  charcoal  is  left;    bo  that  its    com-, 
ponent  parts  are   the  same  as  those  existing  in  vege-^ 
tMble  matter  in  general ;  but  different  statements  have 
beea^ven  of  its  composition, .  the  analysis  haying  beea^ 
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RIFLES' 
^iffike  itetfidto  of  • 

4i8  - '      <  '  6*66  :• 

^      lOO^a  90.98    ., 

_^  ?hiul  iub  oknct^  beeaOBt  it 
ritk  tk^  atomic  dM^triae. .'  Ifi 

J.'  :  i.'    4  I       ..  ■  •  ■       ■       ',  '■  I      f  \ 

I  aioin,     7.5 

1  atom,  10. 

latom>    1.85  . 


_  being         18.75 

^  "«j»«^  ^  exposure  to  a  dry  atmoiphece; 

•I- 1^  \^.f  AaotbB  moisture.    When  heated  ki 

^^"^  ^^  *.rtJs :  and  if  the  teulperMuve.  b^  b^ 

^^  ^  '^^  vitheonAdemblevidknee^ 

^^  '^     jjT^^ wafers  req«iifingooly its  awtk height 

tl»  -^  *        ^  g  boiling  heat;^lbe^ilraWr^f  cryutuJlitti- 

^  '  _.^^  ^  dissolve  it.      The  solution,   when 

i  viscid^^-anld  is  called  syrup. 

by   acids;    the  results  differ. 

tbat  einploy^l     When  nitric  aeid  is 

^,e  is  m'^efferresceiicei'  attd  disengage- 

"^^  ^gjl;  •  and  hence  one  methocf  of  ^f^t%Sijg, 

^  ^1  ^  fa  necessary  to  uie  'it  'diltfted;  WHb 

^^  pf  water,   to  moderate  the  actiot£ 


-SK 


'^  J^  c^iMes  Vk>  come  off,  thir  fluid  in  Che?refetiiHl 

.k  *aii&  .i^  v*^"*^ 

^g^iiii^  eiy stals  of  bi»2ic'iu:td;  Ishd  Vy  the  cfjh^ 

\f4k  supernatant  Uquof,  ifialic  ocul  is  obtiuhed. 

» with  the  alkalies,  and  the  tliste  ii  iti'^a 

:4rstK>yed;  but  by  the  addition  6FaniadM, 

4^        ^^  K*  neutralized,  and  the  former  obtfdnedt 

Iv  miA*"8^  *^  ^^*  properties. 
jl  joteM^  ^'^  alcohol,  but  not  in  large  quantity. 
^^t^Sy  it  requires  Id,  ahdf  according  to 


r^:.^l\^-      -.i&UM..-J,.  ;:4»M/  l§$ 


•olution^  whiTD  its  temperature  AiU^S  4Qpositi|i£.q^y8^]b» 

Suga,r  ic^  obtained  from  other  sources  than  those  already 
mentioned;  beet-root^ xarrots,  turoipsj^  parsnip;^ ^^s, and 
grapes,  yliBld  it,  and, it  is  also  .pr^ured,  in  .i^gsi4^rable 
quantiDf, from  the  tDapple-tree. .   .  ■    .   <*  >; 

Sugar  may  be  formed,  also,  by  the  action  of  diluted 
sulphuriio  ai;id  on  starch,  andiOther  vegetable  substances, 
and  it  is  produced,  in  considerable  quantity^,  diinng  the 
pitocess  of  malting.  It  is  a  remarkabla  factiiJil^Cb  that  it 
is  formed  during  a  certain  state  of  the  hum|M3^  bpdyf  as 
in  those  labouring  under  dialietes  mellittt,  the  urine  yield- 
ing, by  evaporation,  the  saccharine  principle  similar  ]|4 
its  properties  to  common  sugar. 

The  uses  of  sugar,  aa  an  article  of  food^  are  well 
known.  It  is  employed  largely  ^  an  antiseptic,  m  V^  mak- 
ing jellies  and  conserves.  It  enters  into  th^.  c^mpo^on 
of  some^  varnishes,  and  it  is  aaingrodient  of  .ink,  and  pf 
those  pigments  which  have  a  fine  lustre.     It  has  lately 

been  recommended.  |)y>(Mf.CMllP<)h  fpi?  pf ey^rvi^A  ^l 
Siitwhich.pui!{K)ae^lh0.£9lii&iPdrely  rul^bed  gver  witltitf 
Md  thorv  hung  up^  to:4ry«:  .  •       .  ,  .   *,     .* 

"T^lipugh  there  are  nu^y  Taiieti^  pf,g^l|l^  ,tb^  diff«f 
inmc^.foeips  jfi  depeodf  ,in  •  great  m^fmire^  of^  ^f!!W} 
«diBixtare.  That  yielded  1^  the.aaif^.aiE;a^»^h^c^€4 
*W»  arfl^is  the  pure^t^  a^  irm  i**  *h?  ;?roP^J*«!  ^^ 
gW»B J^vft teen  4i^i;^j/ied.    Jt  ei^>id««  fff, ftU""""'  ""'"" 

l^ade  in  tlie,%kp,ajijd.%fcj^?S  W,!W;««i^l' 

jejjpwjsh.  9/a^  >roifo .  c<^pVr  r  hayifig-a,,  augM^im^  "» 
J»WPftr<»cy.and  lystre.,,  ^t  JBbtjtrtfe.jrljiea^^^.th^ 

from  1816  to  1490 ,.  ,      .  "  -     ' 

vWMfa^  /;i${)q8ed  to ,  heat  »w,,ifc  aot^^^  aii4  iwe^s, 

but  4iif»  oot  melt,  an4  if  the  l^eat  be  ci^|diUMd>  i^g^W 
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fluid'  is  disengaged,  and  the  whoW  of  it  is.  ooiiBumedy  eX^ 
cept  a  minute  quantity  of  white  ashes,  consisting,  of  car* 
bcmateand  phosphate  of  lime.  Wbeo  heated  ia  a'Tetort, 
the  products  are  water,  carbonic  acid,  and  carburelted 
l^drogen,  leaving  charcoal  and  the  earthy  aalta. ,  . 

We  are  indebted  to  Thenard  and  Beraeliua  for  th^ 
lliotft  accurate  analysis  of  gum. 

carbon,  42.23  41.9       . 

r.'.       oxigen^  5(L84  5L3   . 

jr:      hjdtagenf  6.93  6.8    . 

7(  Tbatrof  Berzelius  is  perhaps  nearest  the  truth,  for  by 
4b  irery  slight  alteration  the  ingredients  will  be  found,  to 
be  in  atomic  proportion.     They  are  probably, 
f.   'Curbop,  ^.47,       or        5  atoms  =  37 J», 

'*'/  oxigi^p^.  52.63,       or>       $    do    :==  50. 

hydrogen^  7.9y  or        6    da  ,,;^    7-5,^. 

v.-  100.00  .. 

If  so,  the  atomic  weight  of  gum  is    .  95. 

•-  Gum  ia  very  soluble  in  water ;  the  solution  called  nu^ 
cUage  is  viscid,  and  when  the  gum  is  in  conaideraUo 
quantity,  is  thick,  and  adhesive.  When,  exposed  to  the 
airy  it  acquires  a  mould  on  its  surface,  but  in.  well  corked 
pbiaja,  it  may  be  kept  long  .  without .  unfiergoing.  «aay 
ffrange  {.  «ven  in  these,  however,  m  (he  .course  of  tima^  a 
{ktle  acetic  acid  is  generated. .  Chloride  passed  tbrpqgh 
the  solution  causes  the  formation  of  citric  acid. 
:.,Tlie^dUuted  acids  dissolve  gum,  but  when  concentrate 
^,  tkey.  decompose  it.  When  nitric  acid  is  poured  on 
iti^aa  add  called  muck  is  formed,  but  by  the  continuance 
flf  ifae  action,,  oxalic  and  malic  are  produced.  .     j , .. 

,i(.  Sulfijburic  acid  causes  gum  to  become  black  frpm  the 
dJMigagement  of  part  of  its  carbcm,  at  the  same  time  Jirak 
W  and  acetic  add  are  generated.  :3 

us  Hhe  alkalies  and  alkaline  earths  dissolve  it,, 9iid»ap 
i(lf(:^^4ition  of . an  ^id  it  is  deposit^.unchangetLM.q.);*. 
•    Of  the  earths,  silica  seems  toactmosteasily.svitll.it 
When^silicated  potass  is  added  to  very  weak  mucilage,  a 


a»  A  test  Of"gttt«l*  •'•' ' '  •  "*•    '-  -.r'-;.-  i/"-ii  i    y  /^ 

QvM  Yk^L^YkOttt^ismiAihmMiSM^  It  pitidiicea.GlHiiife^i 
hew^li^,'  on  ^me  dT  the  metallic  cadds;  Erom  aolutigli^ 
of  nitrate  bf  mencury  n^ucilagie  tfarowft  cbwii  i^wbi(«ii 
frdni'pensal|>bttte  <^  iron  a  brown  ^powder, .  but  ithc( 
salt  that  acts  most  easily  ia  aub-acetata  x>f.])ead^  whidli 
occasions  'a  white  curdy  precipitate ;  and  hence  also  thet 
use  of  l\ie  solution  as  a  test  of  gum.  '•'  ■' 

Wlteii*  mucilage  is  added  to  salts  of  antimony,  bis*^ 
muth/'aid  tin,  there  iff  no  precipitation^  riiew^i^  that^ 
gum  has  the  pcHtrerof  keepuig  th&h*  oidds^  in  iolQtioD,-for 
water  alotoe  causb^  the  deeodpoelitidn  o^  thfis^'metaliki 

salts.  '         .    -.       i       1  ]  '..J.     ,       r  ■  .-.    ..     -i?. 

It  is  insbluble  in  alcohol ;  hfence,  when  alcohol  is 
mixed' with  niiicildge,  thbgum  ill  deposited,  owing"  to  tba 
strobg  attraction  existing  between  the  fluids.    .    '  •  '  ' 

Ifcdmbines  with  sugar.  Theflnid  obtained  by  boiU 
ing  them  together  in  water,  yields,  on  evaporation,  a  sub^ 
stance,  which,  when  treated  wil!h  alooliol,  leAv^  gtitn,  antd 
gives  aii  alcf^Hdlic  ^lutibd  of  su^aifi'  but  apfMurentiy  in 
cbtnbination  with  sotne  of  the  gum. 
y  *  Besitieff  ^m  arabic,  there  *  are  othert  which»*  tUongh 
i^ef  diffSer  a  little  from  it,  yet  resemU^  it  in  moiBtef  th«<t 
JMtap^ties.  These  are,  cherry  tree  gum,  and  the  m«tilK[^ 
i;iiKms  matter  obtained  by  decoction  from 'litttseed,'>ttaiilfh 
ikuillo#;  iHilbbtiB  tbots;  som^  i^^es  4Df  fotiy  aifd^Uehetl4 
and  many^ others.'  -  *  *'     ^^  "    <^'<  ^'l* 

''The'Mbstance  edled  iragaem^  iir  ditfbl«tM1il4iafcny 
^espedts  from  commovi  gum.  Wheti  tfiitedwJA'ccdd 
witterv^  it'softenfl^  and  swdti  c6ns]citepbbly,1mt  Ir^iot^A- 
solved.  Wtfrta  Wat«r  ^eem^to  dil»olv«  a  litsto  Vrf  iti'  fctfl 
th^  iidliititili  doeTlDOtr  yidd  "i^  pre^{dtal^'on  the  Qirftttifioii 
dPtfllMted  'pbtaMb.  Th^  ttiucilaginon^  mat«ef4lmi(S^'4iy 
the  action  of  water  is  not  adbes^  Kke  that  of  goieif^  ftN^ 
fdeb«s  of  paper  besmeared  wi^it  do  tiotaMi^i%..  'St  it 
aupposed^that  tht^acanth  cont^f  a  |>edQliftr<  "pAna^k 
uOifAuftuin.    >•«    ^  ..  .'    .  j        •  •  ^     •  --i'.'  -  .^.""   '■*«>;  r 
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^Utt  18  )Ab6  tdtmed  Vy  ^  flcticm  erf  tafiit  tMLgtatv 

on  vegetable  matter.  When  the  dried  Btfwiiigs  of  tbe 
iu^  hem  aM  boited  wfth  dihited  mlphiirie  add,  kul- 
fkjsikf^  ttdid  is  dlsbftgaged,  the  ibixtnre  beeonieli  Uacli^ 
mif  aft^  fillratioA  Md  neutralifetftlon  of  tlie  dxeeit  tf 
ilcid  by  lime,  yields,  when  erajiorated,  k  wb^taaee  poi»- 
tf^ng  all  the  profierttes  of  gurii.  jEfa)tp  tJbefl^  also,  >0rMi 
treated  ifi  the  sSiAe  Iray,  ftffofds  it;'  irMcb,-wKe«ir  IMM 
with  sulphuric  acid,  ift  cMV^fted  to  sugar  and  m  peculiar 
add.  Hence  one  of  the  processes  alluded  to  (p.  16S.)  for 
procuring  sugar.  For  thitf  purpose  4  of  rUgs  are  trito^ 
mted  with  8$  of  add ;  the  solution,  Aft«t  bd6g  diluted^  it 
boiled,  then  saturated  by  carbonate  of  lime,  filtered,  and 
eTaporated,  by  which  the  saccharine  matter  is  obtained. 
.  uum  is  us^  cbietfy  for  suspendilfg  lutwfianees  in'wa- 
yit ;  hence  its  use  in  ayelng,  and  In  ink-making,'  iuJd,  feat 
tiif  same'  reason,  'it  is  employed  in  medidnie,  'with  tNe 
T^ew  of  keeping  oily  or  resinous  matter  in  suspeiilS<!Mi  in 
witter.      ■■'  ^-^  -.-.,:>. 

' '  Pkc'niA  oa  "STAacH. ' 


»wi 


!  Wtfth^  gny^ai'lnafeona  sobalince,  te'WlicatenAowr;  Is 
put  Ititd'a  mudih  IbtK^,'  aitfidsttl]gre0t€a^'t»'"this  aetfon  of ^a 
str^flRn  bt  water,  it  iv  wparai^d  into  two  ^ta^  a  t<Ni|^ 
whitish  substance,  which  remains  in  thiedotfa,'aoAawhilt 
powder  suspended  in  the  fluid,  and  'deposited  WhMi  kept 
at  rest.  The  former  is  called  ghUen^  the  kftter  fscM  M 
9iunJL  Berides  these,  there  is  a  litHe  mudlagtnoiu  niat- 
ier  held  in  Kolotion. 

•  Fecola,  as  thus  obtained,  is  a  light  white'  powder^  ^ckto^ 
lltute  of  taste  and  smelL  When  heated,  ft  beeomMaoft, 
and  swdh,  and  if  die  temperature  be  high,  it-ttdcea-flte, 
but  does  not  bum  with  much  violence.  When  heated  tiil-il 
lif^tfs  to  turn  yeHow,  its  phypertiet  are  coirit^effeljf  titeiv 
«d  i  it  is  chihged  to  a  mibtftance  reseMMing  ifikri  itihmt 
af  its  propeiities,  being  soluble  in  ce9d  "wafeis'^liuid  ^ghmg 
'^^idlagincrus  solution.  It  diffsrs  firom  it;*'1low«>M^  in 
not  yielding  mucic  add^  when  treated  with  nitric  add. 


i»iw.pt.«?|i(»»g^^.,fl{,»^  V,„py  ,4,1,'*...-/  n, 
LWkmIew|S;ifJiM(ii;^,fl».«^tsnJ,,(t.ji<},a.tt«u«jgJ 

%;«WW^e«>W^'':;,«l...  W  ^t  the  ingredient^  ^J^Lm^ 
M»^«rtl»«««,<^,;ti»fl,prinFipl^  4^d),  4eKTii^.^^Tlje 
<#t«^  («*ya«»^ bj^fi«jf  ,^^|p8^  (ind^.B^ra#iM. y  ,'^.°^j 

.■"■'"■-"I  ■■  ■"'■■ii ■■•''WW  ■  ■■"M!ffl''|i'^«  '''•■' 

?  'ii!  .i)--!'-'''''  ,■ :..;[  ''o  ■i:i'i!--i''-r.'j  7lI  J;'jJhii;(b£  n3fl)  .bofrod 
bonisldo  ei  ipltcni     .■■  ...i.-, 

.c-^^ffDi;M^„W,W«>«lWe  in  cold  waier,  but  warm  Wjlter 
ji^Mj  dissolves  it»  and  if  the  c^uantit^  Lc  coDEi(lei^a&le,  it 
jfiomw  a  thick  transpart'itt  solution,  which  gelatinia&mi 
,i;aoliiig^  If  little  starch  be  emplojed>  the  wa^er,*  wl«n 
cold,  still  holds  part  of  it  dissolved,  but  gradually  de- 
posits it.  The  solution^  wlien  kept  for  some  time,'  ac- 
-^im  a  mould  on  its  Borfac^  and  bwomea  sour,  and  ao> 
«erding  to  Saustur^^i^l^.'l^tliStO  is  cooapletely  alter- 

..«p|Jic«ilJOOfhert- ,;„,,  ,,,.„",i  ,,,    ...,„..,.  1^.  ^.,,if(, 


.mm-  H**i>«  itTwitf^.^j„4pd  ^w,  djj^li^g  %^  r^ 
4ilf'Jnbn)«g -water*' j  Xlieao^utiaa  |is,  tr«iqparej^.,^d 
colourless,  and  on  evaporation  yields  a  ^m^^^'K^^P'^t^ 
■«9attv,.i4foUiItL»  in  akoM,  ihMt.4oLuble,tn  watf;^,,  M  Is 
i^Mfoifjfafd  ttyf  wb-ao*t)»t»pf  Jca^  tpd  it  ^t^  ^,Mv* 
.  flMciintate  with;  i«idiB%.#,finqK)(fy  fOBumK^.^mJ^ 
•'«"••*-— 1'->^--/.^  .v-„-  n..  ,'  .       .       .,„.,,.;  Tr; 

r-'-fSlmt^tigfiu-  U.  ebtaiiwd  .froqi  tlie  iosolulile  roij^W* 
^4Cih«  CKaaT'fmeMir  b};,v4i')iji>sitwifli  f(loohpl.f^^ 
.t««id  Mli)tHuriA.A6M>.  j|o4;Mw.^nt*^^.TW'f  »#^fft.*'^ 
tioUMa,^tbe.}4fKjff.*iJM>i4iH#9l4aa)^^SlMm 
bfoe  -imm  dliw  baiaoiJ  naria-   .bha  ihuiw  jnibW^  Ion' '    . 
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iol  su^oiie  Middi,  it  ia^piwipiAatM  o£  a^ark  €x>lbiir»  iuid, 
like  amjline,  becamea  Uue.whea  nixed  wilk  iodine^.  .  j 
'  w.Fecala  uniles  very  easily:  vitbiodio€V:«iid.far«is. with 
>ita  compound  of  a  blue,  colour  called  iedMi  er  M^irtiiOf 
Mitrc/u  It  may  be.fonned  by  triturating  them  t«^th^» 
or  by  mixing  their  solutions,  aToiding^  ao^  exio^M;,^ 
fltarch,  which  re-dissoives  the  precipitatee  Fjtqiii  ^h^i  fue 
with  which  iodine  and  stareh  unite,  they  are-eviplpji^llP 
tests  of  each  other.  (See  Iodine.)  _  n... 

The  acids  act  on  starch  in  very  nearlyi  the  same  my 
as  on  gum«  Nitric,  either  concentrated  or  diluted, 
slowly  dissolves  it  in  the  cold ;  butiwheo  heat  is  applied, 
there  is  a  decomposition^  and  formation  of  oxalic  acid, 
nitrous  acid  fumes  being  given  off. 
.  When  thrown  .into  strong  sdlptiiirics  acid#i  it.]a:€^^* 
redy  and  when  the  quantity  of  stttrchia  considerable^  the 
mixturebecomes  almost  solid,  from  tbedepositiaDo{;carbf>tt> 
:Wbei).the  acidis  diluted,  the  fecula  is:diaaolved^:aiid  by 
^rtirular  i^anagement  may  be  converted  to  sugajl,.  aa 
.was  first  noticed  by  Kirchoff,  a  JKussian  chemist,  when 
endeavouring  to  chan^  it  to  gum*  The  proaesft.MOr 
Jiista  in  boilijig.  it  for  about  d6  hoprsy  in  four  tmmsit^ 
avc$ight,Qf  waier»  acidulated  with  abautilOQtb  part.jof 
^aidphuriii  acid*  adding  water  occationaUy^  to  oompeiMaka 
idg  I9SS!  by  evaporation.  After  the  boiling.  iafiQiiJmV 
th^  acid  is  neutralized  by  lime,  the  solution  fiUerediand 
e^ap6i;ated9 ,  by  which,  a  saccharine  nasa.  i^seinUiiig  ^com- 
jQoiPL I I^pwi^  sugigr. is  obtained,  and: which liUnderneea 
ViapaB  fei;mwtation,( and. yields  a  spirituous  fluid  withwt 
the  ad^itiop  of  yeast,  in  this  respecti  differing  irom  ooot 
anoaTSugar»..(Nioh«.  Joum*  SS.):^ Jf  tbe^iproceae bar,ste|h 
ped  before  the  sugar  is  formed,  a  considerable  quantilly 
pfgnoq^i^  found  in  the  sobuion..  :      ».;.;..         ».fi.,» 

Thif  process  has  been  investigated  by  Saussure,  wbf  Jmw  :. 
•kjs^WM  th^t,  the  sugar  obtaJAed^  is  by.about  .l^lQtkjgreatf : 
^p^w^igbt  than  th^^tai^oh  employed^  and  J3ela»Aive> 
lafipiv>.v^,  that  tbe.wr/has.no.share  whatevejTri^itinfer* 
matioi^  Uij^  fction  goij^.on  in  qlosp  v^^,  aqd  Ahat  the-j 
BuljjlxuBCAcid.i§.fl5:^.fiha^ged;ip  its  proparjtifs^  /  Froai^ 


the  wiidytift  by  Smissdre^-  it  appears  thal>i»  the  pMki^ 
there  in  a  larger  propottion  of  otigea  and*  hydrbgcsi>thAti 
ill-  the  Jaeulax itself,  froov  which  be  has  eai^udei,  >thajt 
tcf^nrert  starch  to  sugar,,  all  that  is  necessarf  isito'caiist^ 
it'td'eombine  with  water  Or  with  its  ingredients^  iasaab 
^Mportion  as  to-form' it.  .       .  .  -      ,  '    a* 

•'-^'Tbe^alkaKes  dissdljve  fepultf,  add  fom  a/  transparei* 
sDUtidBiwfroini  which  acids  precipitate  it  apparently  Uih' 
changed  in  its  properties*  .    .      .    .  j 

^/WMaiy  soltttioQ  of  starch  is  not  affected  by  that  ^ 
liin#4  'Strontin,  or  Plicated  pdtass»  but  baryta  water-  oo* 
casiMiia  whitetiaky^-predipitate.  '^^ 

'It" is  precipitated  aWby  sub-aoe(ate  of  lead,  but  Hoi- 
by  any  other  metallic  salt.  *  When  starch  and  sub^oitratil 
ob  lead  are  digested  together.^  they  combines  aiid  f(kti  a 
GcMpiMiud,  which,  according  to  Berseliu8»  is  composed^' 
7*  f^cula,  28  oxid  of  lead.  -  -  ^^  ^^'^ 

'  Fecula'  is  insoluble  in  alcohol  and  in  ether ;  of  cdiirse'/ 
its  watery  solution  is  decomposed  by  the  addition  of  aK^l 
cdhol. 

Fecula  is  contained  in  a  great  Many*  vegetables,  partii 
cidarly  in  the  seeds  and  roots  of  those  employed  as  fo6d^^' 
aain'the  different  kiddaOf  grain^  rice,,  peas,  beans^  afid 
potatoes ;  the  pith  of  several  trees  dso  contains  it  ^^k^ 
piteparsd  fnocft  the  pith  of  some  palm-trees,  salop  frott^ 
the  rdots  of  the  orchis,  cassava  from  the  jatropha  mailiJ^ 
hatv  and  arrow-i\x>t  from  the  maranta  arundinracea,  ir# ' 
comfpos^  almost  entirely  of  it.  All  of  these  are  prepa^i'' 
edin  the  usual  way,  by  subjecting  the  substances  froiH'' 
wUdi  they  are  procured  to  the  action  of  water,  as  al^' ' 
ready  described  in  the  process  {or  obtaining  fecula  frdtn' 

Fecula  is  employed  in  baking,  (see  gluten^)  and* -id* 
giYoag  stiffnes»to  cloth,  for  which  purpose  eUtrchf  eitUer 
from' ^idieatenflburor. from  potatoes,  is  generally  usedl ' 
Ia^pi^pari^>star(d>,  wheats  after  being  bruised^  is'kepC  * 
in«6ld'  watHf  for  about  a  fortnight,  where  H  tnidei^* 
go«ls  A^isUght  .fermentalimi,  generating  a  littM  ^ak^fid' 
JMdy  by  whkh^sbsiiikipuritiesral^  dissolved.'   It  U'ibikk' 
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tefac^d  with  water^  till  tike  palpy- matter  beccneB  to  tknit 
<thftt  it  can  he  passed  tbrougfa  a  haiir  mve^  by  vUch  iibe 
iMitka  ante  vemoved)  aadtka-filtaced  flaidaUMrad  to  le- 
maio  at  rest^  tiU  ibe  atatah  is  depoaked.  •  'it  is  iiaij-jK>w- 
%ter,pure;  it-is  therelbra-agam|]«a€ed.ia  AaaaaK^wy, 
and  afterwards  put  into  boxes,  haviiq^  .the  bdttoliiat|ffa- 
fin^tad,  and  litied  With  .UMift<Klloth^i4b]Wiigb<«rUdiUhe 
-wtfter  passasi  aiid<^'leaTeauthe  4taidi(;behiiid.'i:'Whaii':it 
has  become  of  suffictent  otauistetioay  it  ia  eiit«iii*ojcaiiM^ 
aad  'dried  by  ft  stom^  diacittg'  whiekdMf  atmdkfimod 

*ft)rDi:i4he  MaaU  irvef^alar^piafeiib'' >   >**•  >  *    'I'-b  -y  rwi^^*) 

The  process  followed  4n  tkeprepaaratioii  of'StaiyditllmB 
^potatoeB^Ja^Maifly  die  same;  wtocfl,  all  that  iraimiiirj 
fs> 'idRer'cemoviiig  the  shinly  tobniiiN^ theaa^  aid^ihaning 
fttt  them  Bitaa  coarse  bag^' to  4caead' them  in^tMlai^'ibjr 
Wfaicb  the  ieciila  pasMii  ^hmughy  iknd  ir  obtdMlrby 
subsidenoe.  <..».:..:    r  .£i.4£  ^|^i  \f  ^,^* 

-'hIh  tiie^preparaikm  af  feouhr>frdiaf'9rahH'the!tMridue 
left  in  the  bi^  ia  gluten.  It  it «  idil  ■  f^^nscid  *  aabrftiwai 
.4eimcio«r%  ela9tic,^md  t^v^ry  dUMim^  •ht«^ 
teaeture,  and  a  ftdnt  peculiar: odMn  ^  *  •  •''  '.>;.  i>.Yr^o 
•  When  exposed  to  a  dry  air,  it  acqoiras  a  liiiwiiii<h 
-erast  on  its  surface,  andis'covered  with  •a  thin  iibn  of 
ta  oily-)oc4mig  matter^  and  oltimately  -  ■  beooanea  imtA 
md  brittle,  reiembling  a  piece  of  i^tiCi  •  In  «  40oiiil*  ai- 
teosphere  it  swells,  and  nndei^oas  pulref actioii^  nadttlhig 
«n  (rfPensive  oderuf, -and,  'at  the  same  time^  toalie^licid 
tad  ammonia  are  formed.  -•     ••''       ';*•'.». 

When  subjected  to  heat  in  air>>  it  ia  infiamed*  gMog 
%ff  tiiesmdl  of  baming*  feathers^  'itttclose  ^esa^  it 
>fielda  carburetted  hydrogen,'  an  ^clm]^rreiimalit»  o9i,-/aad 
eorfefinlir  ^amaloftia,  karing  charcoal  in4lie«t(lrt*^ 
'  When  gluten  is  kept  in  water,  the  'fluid  boaaatn 
tpah^  and  filma  ne  saspeAded  ift  St^'  whi A  aM^p  be 
teoMreih^  filtratian<^;butititill4olda  diieolTeAa^nil^ 
%tt<actf'piauptoaitd  by  baaty  «by 'rtOaiiaaiTMi,  »y 
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■k^lMfcj i idm.  '*  XUBiisvonijipawdilD  bo  jumv^I^  gUittft 
knptPdlwol^Ml  by  a  iitda  acetic  Arid^  geneitiled  dattng 
All  dWMfffk>dlB^  Wiito,  !iiiMMd  of  iIIln(levlit^p  glutoA 
lidrali^rf  it  b  kept  tnereiy  iaDi«t«Bedy*it  sweUs^  ^emitsiui 
^Bhudirt nJgutv  'tftti  ^trbonic  mA  awi  ^arbureMed  liyw 

i^  fDfastb  changes  Bhew,  that^  like  either  ve^aMe  bttdiei^ 
glutiiii  dtalaikimiattgai^  hy4fi0geay  .a&  ibe- 

iMMstliapaiiMl  yrdluit^  il  yieUaiako'liMiMOfiMH  ao^  tbttt 
iintauitv^  ^idl^tiim  to  t]WKN««o«tiiB  tii«p6geii|^ilii  tliii 
t<e«piMt  ^MMtig  from  tb»  farMMnfl^s^  ak^aidyvnlfti^^ 
b«»lid;fNM(titttWraBal!|^flfliibaa  s^tHbtw  iMufa  vif  <^ft.     t    ' 
^-^-lIlM^MMftacft  ill.  ijlaiM/ the  itt^ 
mikm^M^  wii  4t8iatKta^irf  liikiJriM.  ^Wli«  aiitlii  a^ 
iiMiMiiivvdf  M  k)  «id  betft  «t^Uad^  4t  k  >ftk>wlf  dis^ih^ 
W  ffM^i  ipam  tkdtti  >  li0w«v«s  ^ttodarKohig  'decom^oAkiotr^ 
for  if  th^  aetioQ  be  carried  ^n  in  a  Mtort,  nitrogeai  fftt  ii 
given  cyff.     The  fluid  left  XKMitaiiis  oxalic  and  malic  addi. 
•  4Sulphuric  add  ohars:  ^,  aad  caiburetted  hydrogftUji 
carbonate  of  ammonia,  and  acetic  acid^  ate  formed. 
iuiWAbilkaUaeiliAistiUMilve  ft  .bjfKiAafaM  «f  lifeat, 
aMi4M»tbe»tidiilloa  a  preiipiitaife»ria3^A]w»ti^dova»  % 
v^ka<ailditiim{«faKa4Mad,^l)Utii«U  Mi^ 

«troQg  ^solution  of  lalkaH^iba'^e^^pkigfed^j^ttiimoaia^^ii 
iBinredpaAd'«  aoispy  Mmfmuad  i^vpi^tnedL  *•'  ^'  \ 
^  V)ak  aetiott  ofi  tMtalliir  aatte  irith  ghiten  heb  beeabvt 
Utile  esnoaiiiedv  ^\Acootdiitg  to  Bostoek,  water' in  vhi<& 
it  faat'b^ea  inimereed)  aflPbida  a  preripitate  with  accHaie 
<ff4iad':aadfa(it^ate'of«Dttrcmiy.'  ^'•'  >> 

'.  'Wheii<glut0nds'Jcaead6d  with  auceessM  partioiia  af 
aJoohd,  till  the  fluid  poursd  off  oettes  ta  becooM'  tutWdi 
«fi  tte  additiim  of  water,  it  Is,  faoeottSiig  to  TCaddey^^xi. 
of  Plii^XT.)^  aepamtediirta  two  pmioiple^  ime'of  whiek 
Mffyittidcettrnpiiylriie  i^nrib^^  >That-disselTed  hebaa 
oalteii  :fii««im0,  ittaok  tf^h^  ^itftefrV4bt'«liier  Mmamti 
'^iMimi|i^'a^<nwaenti'V  vj  »..  »^  f.  j^t '. ...  h'.' -"  ^ 
•^2  Wfcidiatf iad[>ttthied by rtJteigyapoffati^lrf  thealooheJii 
«ikitii»  s.  U  iaia  britale'«etaii4MnapareiltMteta«M[|pf*  ayeb- 
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softened,' biH^iOtdiBsotrcd^  bj  cold  vattr.  .Wlieithiiited# 
it  burns  with  a  lively  flame,  leaving  charokdL  It  iftduh 
aolTed  by  acids^  and  ooncentnited  alkalnie  fiuidiw  Itt 
alcoholic  solution  becomes  milky  en  tbe  additiou-  of  irat* 
ier,  and  the  alkaline  carbonates  {precipitate  white. flakii^ 
It  undergoes,  of  itself,  vinous  fermentation^  and  esoilea 
it  in  other  bodies.  ^  *.    i 

Zimome^  the  ins<4uUe  matter  left  after  ramoriag  tbe 
glibdine  frmn  gluten,  is  a  hard,  tough  subttlmoc^  oliifll 
ush  gray  cokmr,*  but  becoming  brown  oninpositre toajtf^ 
.When  thrown  oi^hot^Qoak,  it  emits  ihe  odmir  ef  burning 
horn;  It  is  dissolved  by  the  aoid%  and  wftb|NitaiBaftteui 
n  kind  of  8oa{xi  It  ascites  ^various  kinds  of  Itmientallnn 
neoonltng  to  the  vegetable  matter  wiibh  whiob  it  Ja  jui^adt 
WhoLtreat^d  widft7gum'<gu]acmn^  it  assnmesfa  adi'rt>l]|ft 
icolopr,  andth^nce  this  is  need  aaaittetofdt^andt  fay /wlaUb 
it  may  be  discoyered  in  other  ^egctables^  thaa.'i^fllidtt 
JPor  the  success  of  this  process,  however,  the  ptnaenceie^ 
air  18  lieoesaary,  iho)  neiionr  seemiag/to  depend  ooihe  ab« 
sorption  of  oxigen*      i  :••   t  ..:,       v-^    a?  u.>  iitin 

.  When  dffsoriybiiqp  the  phenomena  of  fiennkentati0ii|<^>>* 
ivas.  mentioned  thatr  the}  actiDni  of  a  snbstaneecailsdinieai 
ment  is.  necessary, iand  whioh>  it.ia  nipposedt'by  iomciiii 
aimilar  in  many  respects  to  vegetable:  gluten^: .  <  ^rfj^kud 
f ermeni  may. \mprepwced  by  causing  any  substance,':,  sndi 
as  grain,  to  undergo  -  vinoua  fermentation  «■  hf^  wfaidi  a 
Irothy  iniater  rises  to  the  surface,  and  iaskimmed  offr  Tim 
ii  aoU.  nilder  the  name  oiyeasi^ot  barm,  jmd«  is  nowi,^enH 
ployed  with  the  view  of  exciting  feonentation^'piidiSN 
larly  by  ibakars.  It  has  been  fihmd  to  have<  many,  ef  the 
pn^rties  of  gluten  i  and  that  glutcnt  ib^  cmt  ati  leant;  eoM 
Aains,  the  principle  which  excites- icBmentataoil,  seema-te 
be  proved  by  the  experinients  of  iTaddejE*  jnst  relatedo^ii 

Gluten  is  contained  in  greatest  qnantity>  iit  'whenlyt 
and  "from  wfaichiit.  is  usually  obtained,.  '  JkrewBdintpto 
Beccaria,  wbeaten  4onr  conUins  about  h^iftth^imAStfom 
take  into  aeconnlthai  water  imbibed- during  itajpitpara* 
iion,  it  yidda  abouiiUlth  of  its  weight  of  itL  Dary^  ham 
ever,  alatev  thai,  the  proportioir  Taries  is  diffiocnntdundit 
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tHe  North  Amecioaft  yielding  iiiotth><i:<injhi8  exp&knenis, 

it  was  from  19  to  S4  per  cent.      ^. «     •      -  .    t    

^  Gluten  is  fonnd  in  6tber  8ul»tittices»  though  in  «mall 
qiiantity,  mb  in  barley,  rye^  peas,  heaos^  chesnuts,  and 
nuuiy  others.  It. does. not^  howievier^i exist  in  potatoes, 
frbich  yidd  such  a<  faurge  ipFopoction  ^oifecula.        •  • . 

Gluten,  from  its  close  resemblance  to  the  principles-  of 
the  animal  kingdom,  is  supposed  ta^be  very  nutritious. 
From  the  changes  which  it  scKieasily  excites  in  other  bo^ 
diss,,  it  is  employed  largely  in  brewing  and  distiUing, 
(l«rp.  188, 140.)  and  also  in  the  making  otbreaA  >  •  ' 
e^j^Tlid -substances  used  in  baking  are>  wheaten  flour, 
WAtnv  yeast,  and  salt,  the  proportions  varjMog  in>differ«. 
c|i6  places,  according  to  the  temperature^  the  quality  of 
tiieflour,  and  the  quantity  to  be  baked.  '  The  yeast ne- 
ilBBsary  for  a  sack,  (8d  pecks,)  is  in  gtoeral  about  S  pints 
^iiglish)iand  4  pints  of  water  to  each  peck^  The  pro* 
^rtion^  of  salt  depends  in  a  great  measure on>  the  taste  of 
tUe  bakers  In  general  the  yeast>  with  the  salt,  and  about 
half  of  the  water  and  flour,  are  first  mixed  in  a  wdedeU' 
tto^ghffandikept  in  a  warm  place,  during  wMoh  the  glu« 
tin^usprindpleintbe  flour,  being  acted  on  by  the. yeasty 
begins  to  undo-go  farmentiition,  becoming  sweetish,  and 
disBl^gaging  earbonic  add  gas,  thp  greater  part  of  whicfa^' 
dwing  to  the  adhesive  quality  of  the  mixture,  is  prevent** 
edfrom  escaping ;  it  therefore  causes  it  to  swell,  and,be- 
eoiob  spongy,  hence  the  product  ^is  called  by  bakers  a 
spcngci'  HaVing  been  kept  for  about  10^  or  IS  hours  in 
ibis  situatioov.it  is  put  into  a  trough,  and  mixed  with 
the  remainder-  of  the  flour  and  water,  by  which  the 
fermentation  is  stopped,  but  it  again  very  soon  com* 
aences.  The  substance  thus  formed,  called  dough,  is 
keplio  the  trough-  for  about  an  hour,  during  which  the 
fsnneBtationiproceedS)  carbonic  acid  gas  is  again  gene- 
ntefl^'iand  being  retained,  causes  the  mixture  to  swell 
aonsiderably';  but  at  this  stage,  it  is  necessary  to  put 
aintpp- to  the  process,  otherwise  the  product  would  be^ 
canm  snarl  i  The  dough  is  therefoire  cut  into  loaves  of 
tbtocMkimsitertatiaBn  rami  expoae^to^eafct  initauroiSD^^for 
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about  aa  bmi^by  'i^ud^  part  rfthemwaahwaia  tgpfBw^  * 
and  the  fermentatioa  ceasea. :  .*  '  ".-ro.o    .1:  - 

The  late  experiments  of  DrColquhoun^'  (Amof  Bh. 
N*  8.  zii.)  pDove  satiafaetmilj,  that  Ike  obangsa.tiMl'ap*^ 
sue  during  the  eonvertioii  of  iour  into  bi«id,  ^  am  the 
same  as  those  produced  b3iiiriiMiiaa  feimeoisAkmi;  infcrtj? 
firom  bread  aloohd  caa  be  oblaififed  by  disdilaticiH  aad 
hence  it  is»  that  if  the  process  be  carried;ati  lixiiMig^thr 
aoetous  stage  is  apt  tO'Oommeaoe*        1  •     j-.-Am  >i^    :iizr 

•  Those  substances  which  have  little  tm  no  glutoi,.  do. 
not  answer  for  making  bread,  because^  ^as  U  isiitthatjupea 
sjons  the  fermentation^  and  ooneequent  diasngagemcnt  of 
gas,  the  product  is  not  at  all  porous*  A  certain  dggam. 
of  porosity  may,  howerer,  be  comnmnioated^  bj  asBiag 
these  with  others  that  contain  it. 

Besides  the  substances  already  described  as  existing  in 
grain,  another  has  been  mentioned  by  Proust,  eaUtd  Aor- 
deiny  and  which  can  be  obtained  xberely  by  wtehii^  off 
the  fecula  from  starch,  by  mieans  t>f  boiling'  'wateri  (An. 
de  Ch^  et  6i  Ph.  t.)  it  is  tbfsMiieh  is  sufi^ps^Eied  l^  Urn 
to  todfago  a  change  durii^ -the  process*  of  ixM^gi'mai 
ghre  rise  to  the  f<Mrmation  of  sacKabarine  matter';  bMbeSt' 
aides  it,'  the  gluten  is  als6  chmigedf  as-  the  foDbtHng  td>le 
of  the  composition  of  grain,'  before  and  after  tnidtUig^ 
will  shew.  '•'       ■*  ^ 


venni 

1 

gum, 

sugw, 

starch) 

gluten, 

hordein, 

4 

-       8« 

-     a 

■J$l ...  -  .  - 

^     •        .66      .  ';,    '•• 

*           ■  •           >     ■ 

•       1       ■                f              •  • 

r      "•       ..  ..:  *.o?:i'i. 


-.  Wax,  though  prepared  by  hef  si  ia.u9(daubUdly{  ii  v^ 
^table  origin,  and  seems  to  be  formed  by  somQ,chm0&- 
wbich  sacdiarine  matter  undei^goc0«.>  v^-s  iHuallj^  .ps^KAir-> 
id*  it  has  a  TeUpwish  colow.  and  4  pleasant  adimr»  but 


tioD,  consisting  merely  in  expoiiii^  ic»  ia  ibiii  plokes,  t^ 
thfr  Mtiaa  of  tbe.air.  and  sunshine^  hy  which  it  is 
oomfdetely  bleached.  In  this  8tale»  iia  specific  grmyiXj 
k>  aboat  960.  Whea  heal;ed9  it  melta  aft  about  155  s 
and  befiofe  it  becomes  fluidf  pasees  through  different  dor 
iptes  of  constateoce*  When  the  temperature  to.  which  it 
]a*;e^fiie6d<i6  higb»  it  takes. firey  apd  buma  vith  at  bright 
flame,  yielding  carbonic  acid,  and  water. .... 

•Xavcasier  codeavoured  in  thia  way  to  find  its  compesi* 
tioni  axui  Oay  Lvssao  and  Thenard^  and  mIbq  Dr  Ure,  in 
tfaevresuU.of  whose  experiments,  jnore.  reliance  is  to  be 
placed,  have  analysed  it  by  means  of  chlorate  ofpotaasi 
afd pcKoicid 4Mf  copper^  ,.Tlie  fpUowing.  ia .the.  oomposi- 
tion  given  by  them.  .^ 

,-  carbop,        .Sl|.784    80.69,    or    18    =.  §0.41 
It,  oxigen»  BJ5M      l>9*y    «       1     »      Q.26 

„  hydrogen,      12;67»    11,37,    -    11     =    11.33 
iiX^  JJj^  thinksit  np(  impipbable,  th^t  ,i^  n^y  contaia 
\f^toTSk  more  of  hydrogen  than  has^  yett.beei\  detected  ia 
itfvj^wl  if  i^it  :it4ii^gxe4i$>Atfi^wUl.b.e|ff»FOf)prUon     to 
i9m^;12  atoips  plefiaat  gWs.  ap4  1  of  c^bonic  oi^id. 

oWa^i^  is  insoluble  in  water*  , 

The  acids  act  with  little  energy  on  it.  .  . 

The  fixe4  alkalies  dis§plye  it,^  forming  saponaceous 
compounds,  which  are  insoluble  in  cold,  but  soluble  in 
warm  watex^ .  and  from  the  solution  the  acids  precipitate 
the  wax,  litClfe,  if  at  all,  altered  in  its  properties. 

Water  ofl&imonia,  when  slightly  heated,  also  dissolve^ 
wai^  forming  a  kind  of  emulsion,  from  which  the  greater 
part  of  the  Wx  separates  as  it  cools* 

Wax  is  insoluble  in  cold,  but  soluble  in  warm  alcohol, 
which  takes  up  about  l-20th  o£  its  weight.  The  solution 
is  transparent  and  colourless,  is  decomposed  by  water, 
and  lleposits  the  greater  part  of  the  wax  ^  its  tempera- 

tne'fiOls.^ 

When  want  Is  digested  bi  a  large  i|aanti^  of.  alcohol, 
it  iii  according  to  Or  John^  separated  into  two  subatances, 
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>rhich  he  calta  cerih  iW^  iJij^rirfn,  thfe  fortter  hatig  Ukcn 
^p,  while  the  latter  remftins  tindissolred. 

Cerin  is  of  the  consistence  of  wax,  and  specific  ^gtMitj 
1000  i  it  melt*  at  a  tertperatore  between  108  «fidl40. 
It  is  insoluble  in  water;  bat  alcohol  and  ether,  by  the 
ftid  of  heat,  dissolve  it.  ' 

Myricin  is  of  sp.  gr.  900. '  Its'  consistence  and  melt- 
ing point  are  nearly  the  same  as  those  of  cerin.  It  is  in- 
soluble in  water,  alcohol,  and  ether. 

Ether  does  not  dissolve  wax  in  the  cold ;  but  when 
the  temperature  is  htised,  it  takes  up  ttbout  a  half  bf  its 
Weight  of  it,  the  grisater  pkrt  of  which  it  deposits  on 
cooling.  .       '     .,  i 

Besides  beM  wki,  th^ere  are  others  prottired  directlj 
from  vegetables  themselv^  of  which  the  most  common 
is  myrtle  wax,  tK^  product  6f  the  myrica  cerifera.  To 
obtain  it,  the  berries  are  bruised  and  bbiled  id  i^^tef ,  by 
which  the  wax  is  melted,  and)  coUectipg  on  the  surface, 
is  skimmed  off,  and' instantly  passed  through  cloth^  to 
fr6e  it  from  ithpui^itiesj.  It  is  theri  bleached  ib  the  iame 
Vay  ascomrt'bn  Wiix.^''^'   -  ■"   "^'     '        -.'»—•.      ■ 

Myrtle  wax,  tbotigh  ft  differs  dightljr  in  its  cblbt^t  and 
f\!isibitity  frbin  cofiitaibnl Vax'/r^mblesit  in  itd'oth^rpro- 
perties.  '  "■  .-  .  -^. 

Wax  is  likewisb  found  on  the  upper  stu^ace  of  the 
Wves  of  some  trees ;  and  it  exists  also  in  the  substance 
tilled  ttfAife  fiwr." 

Wax  is  principally  employed  for  affording  liglit  iTie 
superiority  bi  iftti  bvet  tallow  candles,  depends'  oh  the 
former  not  b^ihg  bo  tttsibli^,  and  herice  requiring  a  small- 
(feir  Vick.  In  thelattet,  thie  ttiafter  melted  Iby  tfie  lieat 
is  much  greater ;  a  large  wick' is  'therefore  necessanr  ^or 
Srawing  it  up,  which  Feirig'pl&'ced  in' the  centre  of  *tbe 
iBame,  is  excluded  from  thfe  afifj  and  *js  not  consi^nypd; 
tanless,  'therefcitej  it  is  fre^iiently^  refaiove3,  it '61>structs  a 
'^reat  dfeal  o^ttiellfeh't.'  Themarwiyk'of  ^a'wK 
die,  on  the  ccintirkH',  is  sufficient  to  Sraw  up  t&e'fe'eifea 
tnaittiir;  it  (*strudb'less  ligfi^/'arid,  though'  excluded 
from  thd  air  by  being  surrounded  by  the  dafiie^  yeti  Vheh 


iti  heoones  loug^  it  benda^  and  Um#  ,Ui#  ead  g^Uing  i^th- 
out  it,  18  consumfidy  lo  that  it  does  not  mqirilre  to^  be 
•nuffBd. 

Wax  is.  likewise  employed  in  taking  oaMs  ilnd  ipoutds^ 
for  which,  from  its  softness  whe^  »  little  heated^  it  is 
well  adapted  It  is  also  a  principal  iogredieot  in  some 
.kiods  oC  lutjngy  fssc  £^9wi.>  . :  ..-.(. 

■    Oits. 

f  Qilsi  are  dirided  into. two  kindst  the  ,^sic4  9ir  .uHc^tiotif, 
.fuid  the  volatile  or  «ff^4ta2»  Before  piiQceeding  to  de- 
scribe the  properties  of  these,  it  maj  be  here  remarked, 
Ihat  oleaginous  matter  exists  also  in  the  aniipal  kiogdom, 
Ibe  general  properties  of  which  are  the  atme  as  jthose 
from  vegetables ;  so  that  the  account  here  to  be  given 
apply  to  both.  .1 


Fiaed  or  Unctuous  dita. 

I  .  :  ■     ■      .  • 

The  fixed  oils^^  o^  which  there  is  an.  immense,  vanety* 
ore  generslly  fluid,  but  of  a  tbickish  consistence,,  ^and 
nnctuous  feel,  leaving  a  greasy  stsin  on  fMiper^ .  and 
whidb  cannot  be  removed  by  heat  akme.  They  are  some- 
timca  colourless ;  occasionally  of  a  greenish  or  yeUowjsh 
oolcur ;  and,  when  puie^  scmi-4ransparent»  and  witl^  very 
little  smell.  They  di£Fer,  but  Moi  mndif  from  each  other 
in  specific  gravity*  Olive  oil  is  918  ;  palm  oil^968  s  the 
lathers  being  intermediate. 

They  do  not  boil  till  heated  to  aboat  €00,  at  wJbt^ 
Jthey  pass  into  vapour,  b^  not  without  sufferkig  a  slight 
deeomposttion ;  for,  during  the  ebuU^tiim,  water^  aoetic 
acid,  and  carburetted  hydrogen,  are  given  aS^  a  little 
cpVon  is  deposited,  and  the  xeadnal  fluid  is  of  less 
^[msity  and  less  vitcid  tlupn  beCore.  \\ 

t^c^oi^s  tffe  kept  fpr.  some  ti]pe»  they  beoome  ran- 
da ;  they  tlpokan,  acq^uire  a  sour  taste,  and  the.prope^ 
of.j^deQing  vemtaUe  Unfs,  ocea^ioi^^  soeordingijto 
Schc^le,  by'  the  decomposition  of  itonyfli^gipmis  msitter, 
wliic^  they  alirsys  coimin. 

VOL.  II.  M 


i 


178  VEGETABLE  JmiNCIPLES. 

.nlMsksfuUkit'apoaed^D  air,  itshmnSbs  oi|igeD>  mod^gf^ 
d«|tty '•  iotif easdi  -in  consisteDce,  till  at  last  it  bepcmes. 
solid.  Some  oils,  wheor  drj,  are  opake,.Qth«r8  air^.traiiik 
parent,  and,  if  spread  thin  on  paper,  acquire  a  resinous 
lustre.  To  the  former,  called  fat  oils,  belong  those  from 
linUked,  nutSy  poppies^  'and  hempieed;  to.  the  latter, 
tanuoi^  drffingj  olive  oil,  oiJL  of.jilmoqda.aDd  lof  ^^p^^ 

That  the  thickening  of  oil  is  owing  to  the  absorption, 
ofoxigen,  has  been  proved.,  by  num^irous  expermqiiip ; 
iMHsesd  oil^iwfaea  spnead^im papev, haviogiheen  fiouOdtP 
iabibesiot  less  than  twelire limes  its  iringbt  ofviC-:  Uiw 
diiricertain  circumslaaees  the  absorpiicHi  goesi  on.  fio.iiir 
pkU;^  tbat  thd  heat  .generated  is  sufflcient  to .  cause  com* 
bustioni ' ;  f iWbeov  for  jastanon.  taW'  or  dotb  is  sMkedL  ill 
oB^cwsd  Reaped' togtther,  its  tempersftnrerir^fjrrfqpn.iMts, 
aiabiilv/ai  ^1  takes iire.  HeaceUhi^'neaewtyiPf'  beiBg 
CHalioi|Bt]tt|k)irowing.  aside  tow  or,  other  matUc-whkhbM^ 
Ueenr'-utfedi-foir  ^cleaning  tbe  cdly.  j^ts  ti  mji^biileryy  .^ 
iBBtnKfa9iihBifiarieccteved:o£  ficestib^ipg. occasion^ ^;AJA! 
way.  > .!«  t'.^  -;    ,.  jx 

-riWiienidiiis  hearted  ta^-a  pDopeifitempftatttii^.iniiafrf  it 
isdBisadkd(;.«BidibimiS(mftb  af!yflk»w;4mif,(€^ittiiig.4wj 
iliutt4'"Ddftets^  i!aatiM»inR:aoidtaiid:«itte9«^  ^fiW.OQmyilefa 
caddnstk)faf>  thoi  Utali/niiiat  lie  imorfl.»lhfai  AufficieMtfit^ 
'GDP\iiH^ttC<i)'Uii|M>utf ;i:a»d^  fof^berpnqp^^  It 

iilli«uB%*  appiiedy  4biis  inr  geaeralT  accompli  Afad  .bjy^  wm90n 
of  cotton,  the  temperature  excited  by >lhe«-iCQmbiiadte«ifi 
ti|hUi  .sptsrit'on^roi::  f^^kr  Gbi7iiu8<MMi./>iir.Mi<  >  vH 

sdiKbenbdl^  ask  i^fiissetliiRmipour  tiMrituglktiiicaiMliesosat 
tsdUsy  iiv>i8(deix>n]i|pofedi.^e>ipiMkicttiOQniiati«9 
4ib«tobim^rsBitik  a.Jit4la.aarWicta9sd(iuldiw^iai^  ^:  a&i^ 

wdU-^f '/tbesd>eq)«iameiul»^roTa,  jfbatc«il  boAtaMtoi^doi) 

iitaialfognBdieiits;.>akidrtheiMal>aii  of  idlita  oilr;rb}eiQ|ajp 

gniiub  -laatttm^' ■  oV7!7.Xlft  vr]  ]\va  i-/jlO,«ta«a>ii  /ti  ;  '(Xo-. 

dri)  aa  aaeafgim,  :ijnfi9^4e7  probaUffii;iilAtpmiir*iii(('iii{  ^ii 

,  3ib  )o  li^09aniiilr8.8(}9  iWim  v.ii\u^  iiiii»|-;)fli   .^'^Au 

Hawfidt  «t  svpposi.ttiiat  M^erogufl^  jai'i^kiiiBiM  knlb  Ji» 


■r  ff 
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FIXED  OILSe  in 


lijrdrdged,  composing^  water,  the  nmfdsmg  ingf edienta  tre 
iirpr<^)onioD»  to  form  olefiant  gas ;  bo  that  the  CQOqpo* 
sition  may  therefore  be  thus  stated ; 
'^  olefiant  gas,  10  atoms 

water,  1  atom. 

Oil  is  insoluble  in  water.  Wbc^  mixed  with  it  they 
seeod  to  unite,  but,  when  kept  at  rest,  they  soon  separate^ 
each  assuming  the  situation  allotted  to  it  by  its  specific 
graf^ity.-   ' 

-  Oil'^Kssolves  sulphur  and  phosphorus  foming  « jolu** 
tidn4hmi  which  the  inflamiableB  are  deposited  in  the 
cryfi^allme  form,  by  entpor&tion.  That  of- the  latter  is 
luminous  in  the  dark,*  when  exposed  to  the  air;  and 
hence  it  may  be  rubbed  on  the  hands  or  hce^  to  cause 
theih  to  'become  phosphovesoent^i  SBsd  without  injury. 
^^Oilis  decomposed  by 'aods,  the  results  difiieiing  acoord<^ 
i^lg^to  that  used.  By  the  action  <xfilntricactd^  ftwhitidi:^ 
afefbstltnc^is  foftted^  from  which^  if  heat  be  appUedviutnc 
^d  is  di«s^ngag^.  :  Sttlpban&.acid  iostantly  renders'  oil 
MieUsk,  from  the  deposition  of  charcoal,  and  suIphviRiiiB 
acid  is  set  free. 

.  -Alkalies  aol  very 'easily  with  oU,  and  the  action  isili^ 
poktant^  lis'by  their  unibnthe  useful  article  soap  is  fbnn* 
c^'tbe^uidity  of  which  difRsrs  according  to  tlie  alkali  it 
ooiitldns.  When 'Solution  of  any  alkali  and  <ul  ore  ndx^ 
eA,  a*  saponaceous  compound*  is  fafmedy  wUcb  is  held-  ia 
sakatidinb^  the- water;  and  llie  jame  alsaocevs  even  with 
the oi-bdiiie 'Carbonates.--  •'  '.,-•  i-.-n.-  m-'  .rM-^,. 
.  The  substances  used  in  the  mtoufaoture  of  soap,  dnoA^ 
tamffdik/gu^'the  kiikl  ta  be  made.  'A)r  the  fimer^MUe 
aaafy  ^<ieltm''teil  and  soda  are  ampSoyedL'  Oimman  whiiba 
soap  is  pp^fMr^  f rotiv  tallow  stud- #odav  instead  <of  triiidi^ 
pobariies^and  sea  salt  are  sometimesusedi  'Ond  yellow 
soapnsfifaaide  of  these  and  vemn.  When  oil  ismiYed  with 
soda,  th^sMp  is  in  general 'hard^' bat  with' ^potass  ifti^ 
soft ;  if,  however,  sea  salt  be  adified'to  the  latter  during 
its  preparation^  it  makes  it*  -of  the  same  haidness  as  the 
other,  the  potMis  uniting  with  ^  omunatio  oind  of  the 
sok,  maA  j»6timg<|ree  ito  ^soda^  which  «eta  on  the 
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Vthen,  tfien,  owing  to  the  elpense  of  kelp  and  baiiUa,  oi' 
to  other  circumstances,  soda  cannot  be  piocui^  potaasr 
and  sea  salt  are  employed. 

In  making  common  soap,  the  alkalillie  matter,  say  kelp 
or  barilla,  is  dissolved  in  water,  and  mixed  with  lime, 
mrMch,  by  uniting  with  the  cartnAiic  acid,  and  fcroiing  an 
insoluble  compound,  sets  the  sodd  free ;  the  idlutkm,. 
irflec  being  drawii  oiF,  is  evaporated  ta  the  proper  oondst. 
ence,  in  which  state  it  is  called  a  2^,  and  is  ready' for  re« 
eeivki|^  the  oil. '  The  tallowi  after  being  udted,  la  pour^ 
ed  intb  i?;^  and  the  whole  is  boHed  so  as  to  catlse  tkem  tiy 
fihite.  ^e  fire  is  then  extinguished,  and  thie  miaterials 
{eft  at  rest  fcit  some  time;  St^^t  ifc  n&t  added,  land 
heat  agmn  implied,  and  more  alkaline  toliitioti  pott  in ; 
and  in  HAs  i^ay  tbe  process  is  earned  tm,  till  the  whcde 
dT  the  mat^i^ '  y\sed,  the  wate^  part  brit^  drawn 
ifi  as  it  is  sepaMted'from  the  soap;;  at  the  same  time 
the  boiling  is  cootinuied^  till  it  bclcomes  of  the  proper 
consistence,  after  whii^h  it  is  ^uvM  ftitoi^eiiramea  to 

It  has  been  said  that  sea  salt  acts,  when  potiiss  is  Utai, 
by  *its  bd'ng'  debompbsed,  mid  liberating  soda  r  it  afefves, 
hoti^eV^,  another  Jndrpoae.  It  is  soppdsed  to  combine 
^A  mi  vfaUty  fiart,  and  rerfiohre  it  fh>m  the  soap,  #h|di 
thus  'becomei^  sooner  hard,  a^  oonseq^feritly  the  'preoess 
is'cobsiderabiy  shottened.  If  potass  be  tised  witbbut  the 
addition  of  sea  salt,  the  soap  formed  does  not  beeome 
%ard ;  and  hencie  the  method  of  making  sqft  soap.  The 
oil  geQ9rally  employed  is  that  of  Untaeed,  hemp,  or  rape. 
It  Isii^f:]^  with  aatrong  aUcaline  solution,  obtained  iiftMn 
potashes  and  lime,  and  after  being  thoroughly  incotpo- 
vated,  the  mixture  is  boiled  till  the  aoap'becomei  6f  the 
jArioperdoiisistencew 

'Soft  soap  is  usually  oF'a  browti  colour,  is  mudi  stroi^o^ 
aosd  knoK  licrid  than  the  other.  When  well  ittad^  it  ia 
9t  ihe  conrfstence  of  thick  pa£((b,  and  should  be  entirely 
soluble  in  water,  forming  a  white  froth.  It  is  empkyed 
(iiS^ity  fbr  acoaring  "wodlen  stuiSi. 
Cimmmi^  jfeOaw  smf  h  made  with  th^  solution  pi#^ 
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iBured  frovi  kelp  pr  barilla,  and  tallowj  to  whi^b,  after 
4hty  are  9ufficiwtlj  mixed^  melted  resui,  and  occastour 
ally  a  little  palm  oil,  is  added.  The  subsequent  parts 
of  the  process  are  the  same  as  has  been  already  de- 
scribed. 

Soap  prepared  by  any  of  these  processesi  does  not  pos- 
aess.  either  the  corrosive  quality  of  the  alkali,  nor  the 
greasiness  of  the  oil ;  water,,  when  pure,  dissolves  it^i  l^ut 
if  it  contain  an  earthy  salt  in  solution,  it  is  not  dissolved^ 
Imt, decomposed.  Hence  the  oause  of  the  hardness  of 
watety  which  i^  owing  in  gei^aiial  to  the  pr^§?nce  of  a  aait 
of  lime,  by  which  the  earth  unites  with  the  oil  ot  %}ie 
soap,  and  forms  an  insoluble  compound.  If  we  attempt 
to  dissolve  it  in  hard  water,  white  floecttli  ^9^  A>rmed, 
and  it  has  a  disagreeable  feel ;  hard  water  dfi^  vpt  there- 
fore answer  for  washing  with.  The  hai^dneto  ctf  water 
may  in  a  great  measure  be  removed,  by  bdUiQg  it  for 
some  time,  and  by  the  addition  of  carbonate  of  4D  alkali, 
which,  by  the  decomposition  of  th^  earthy  salt,  prevents 
its  action  on  the  soap ;  but  even  with  thesef  additjlpi^s,  it 
IS  not  so  good  as  soft  water. 

The  nature  of  the  .aatkn  by  which  soap  i^  toiaoe^ 
jffaa  by  no  means  understood  fXH  Chayrtii^.comtn^^oed 
l«»  investigation  of  oils,  (Am  da  Chmu  xdy.),,  1^  ffmtlii 
4bat  they  coptain  two  distinct  .^ubatj^i^cea^jK^fseiey^ 
peculiar  properties.  0^e  of  these  he  hae.paill,ed  i^rj^ 
<firom  n««^  suet,)  the  ptlier  £lam^  (from  •hi^  ^H-u,  :• 
.  Stearin  is  obtained  most  easily  by  the  .piof^s  recoiq^- 
mended  \y  Braconnot,  (An,  de  Ck.  et  de  Ph*  ll-)  which 
oonsista  in  congealing  thf  oil  by  cold,  and  keejpiQglt  be- 
-tween  seveon^  folds  of  bibulous  paper,  by  ^hifih  tpe  <^.ain 
ia  removed.  It  is  a  soft  white  substanca  reoi^bling  wM^, 
destitute  of  taste  and  smell.  Its  point  of  tiq^uefacljpn 
.4iffera  according  to  the  i^attcr  from  whkb  it  is  pro- 
cured. That  from  oommpn  taUqw  mc^ta  at  109^  jM4.^ 
eooling  crystallizes.  When  mixed  with  to  alfcaU*  it 
ibnns  soap. 

It  is  soluble  in  alcoM  when  warm,  and,  l)^t  solnlioa 
-deposits  it  as  the  temperature  lalhk  ^    . 

Elain  may  be  prepared  hy  ioakipg  in  water  tM  peper 


tiifigeds  At  about  40.  >  li  reddens  Mtrnm^^ind  umtes/fatbo 
%ith  the  bases^  and  foms  ofe^MlMi '  <*  j>.!M  (•:  .aiTBoJa 
Stearic  JEici^'M  afibhiied  dtobyHh^di#atfdfab(eD9do$fr 
ed  in  the  manufacture  of  soap,  but  in  di£PeretlO  i^sonl^ 
ties.  -  ^  It^^urdtes  Witii^  th^ '  lOkiAks^  Md^  4»muimmfiMes, 
ihuch'li^  soluble  tbkfn  the  mairi^arateti  MikSemeeii  mni 
hanf6^;'  acdA^d^-ttt^CheWetiil;  1^^  im§mpMftxsk^ 

the  substance  used  in  the  manufacture*  .  .guc*a  diaioi 
'  " Soa][>i^of  T^gefiMe'bUti  iti«>«Mi]^ds«d^  oEiikitted 

^ndlbitrgarat^;  which^tAky  lli  Jiropor^itttt^iudiffiBreiitxoik; 
the  more  oleate,  the  softer  the  soap.  Those^^^aquOM 
suet,  and  hogslard,  contain  margarates,  oleates,  and  stea- 
rates,  the  last  of  which  communicate  Imrdiiesft  V^  that 
the  more  stearate,  the^barder  the  soap.  "  '•  -  -*'^ 

Chevreuil  has  found,  also,  that  it  is  the  stt^iirfftiatid  elain 
that  affprd  the  acids  existing  in  soap,  the^fohneii  yield- 
ing the^margaretic  and  stearic,  and  the  \atitr\iUic  acid, 
the  decomposition  and  consequent  fbrmatii^^^M  these 
being  effected  by  the  alkalies  with  whidi  '•  ffie?- Wis  are 
iBized  ;  hence  we  arel  enaUediib:  iiiiitate^fliffi^i^Mrfi  Kkids 
of  soap,  by  taking  ihibstancses  wlucdi  txriitaiti  gteai'M^dtl 
jaain  to  afford  theVequisitfe  proportiifa'of'  a«dtL^  -'HrffiU 
Vy  adding  to  oils  that  affprS  soft  sdaj^^fa  sMi^^a^^iUb. 
Stance  tbkt  Wniiiins  d^^irgi  quantity  <Jf  H^eit^e^^^V^^ 
comes  hard,  the  stearine  affording  by  itei^tioill'^tfTh^ 
^kali  stearic  and  margaricadd^  VhidJ'iiaF^cMeJ^  in 
imall  quantity  by  the  other  bit  '^  ^  ^ -^^  ■  ^'^  ^^  ^^'^^^ 
'  Ainmonia  unites  with  the  ofls,  mAfarmiiaiwphtiiSS9SB 
compound,  possessed  of  stimulant  propetties;'  iUxtf%^i^ 
its  use  as  a  Rubefacient.  The  oleum  anmMidtiik''^i^Wie 
pliarmaco^tayis  prepared  by  shaking  tdgeflxi^'bn^^kTt 
^  aqua  ammonlse  and  eight  of  olivet oiL  '  _;  '^'  ''  -'^'^ 
'^he  earths  unite  with  the  oils,  and  forth  Wpfe;SiifBtB 
ing  from  Ihbse  cdntaining  alkaH>  ih  notbeitlg  ftblii^l^ii 
water.  The  only  One  of,  any  intet^t  is  that  witM  ftine, 
^alybig  been  long  employed  under  the  oitoe'  of '-i5i»4W» 
iXt^^ ais  ah  excellenij  appHcatioH  ' to  burns.  \t'\^  the' flW- 
menUm  aqiuB  cgkU.  of  dbc  i*h«rmaf(^(»j^ 
shaking  together  equal  meastireB. of.  oil'aiid litpe    ^' 
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Oil  exerto  Utile  adkn  cte  meUU ;  htoc^  kh^  fir0qiteiit 
pvactioe  of  oovering.  with  it  tbow  liiUe  to  be  affsoted  by 
exposure  to  air.  In  some  instances,  lmwef«r»  it  cautas 
oxidation,  as  is  particularly  the  caae  with  copper^  which, 
when  besmeared  with  it,  acquires  a  green  enist 

The  metallic  oxida  act  on  oil,  tbo  combihalioQ  beiDg 
e£Fected  either  by  aynthesis,  or  by  tbeiddiCkm  df  soa^ 
to  a  metallic  salt  Those  formed  ift  die  first  wajl»;aie 
alone  interesting,  wi  affording  the  different  kinda  oi^pkMh 
iersy  and  which  are  ia  gtneral  peepaJoed  by  boiling*  the 
ml  and  oxid  together.  WhenplaeteBBiiMreiMg.]iq^t»itiMy 
become  ^ery  hazd^  but  theprcqper  conaisteneaviay  be  xae- 
tored  by  the  addition  of  a  little  BUNW  giU  '  i^' 

Most  of  the  oils  ane  aoluble  in  akolHri^;  Aat  asoit-io, 
is  castor  oil,  which  unites  with  it  in  any  qoaality* ,  They 
are  in  general  more  soluble  in  ath^*.         i;..  .  .u-^" 

When  oil  is  triturated  in  watar  along  with.  aiiga»>  galiif 
or  starch,  it  is  prevented  fixm  subsiding,  pBobaUy/QOnag 
to  the  TXBcid  nature  of  the  mixture*.  :  >:    .  t  u  .   !(:>>:.) 

The  fixed  cOs  are  found  mgreaiabundmuae^ittiavviik^ 
ty  of  plants,  chieAy  in  the  seids  and  iraits  t  aad  tWtiWM^ 
er  they  are  to  matutil^^  tlm  gmater  ia  the  quwiHtF»^ 
They  are  obtained  jbom  diein  ciiker  by  eompresMM  M 
by  boiling  them  in  waterv  the  oil  in^iihelalter  laaaelmPff 
easily  sqfiaraied  from  the  water  over  which  it  ftsate-;  ^a 

Oil  is  employed  Aht  afibrding  light  It  ia  .laiaidba 
in  the  composition  of  paints  iaad  ▼aimshei'S.  but  }m 
fore  being  mixed  with  the  paint,  it  undei|pea  «^  prooes^ 
which  makea  it  dry  inore  easily^  Far  this  purpoaa  it  is 
boiled  fiov  some  timc^  during  whloh  k  beoiWsi  thiekaA 
and  of  a  davkor  colonr.  It  ia  oocadbonaUy  alao  art  « 
fire,  and  allowed  to  bum  for  a  short  time ;  aoid  after  the 
flame  is  extinguished  by  putting  dd  the  lid  ef  the  pet,  it 
is  boiled  t|ll  it  beeomes  <if  therequittte  ocnsistence*  It  is 
someiknes  %lao  bailed  with  Uthazge^  by  wUch  it  undev^ 
goes  a  slight  daoompoutioik  fiy  all  of  theae  probessee,  it 
loses  its  greasiness,  and  is  thus  rendered  fit  &r  the  pmw 
poses  el  painters,  and  fbr  the  pveparatioii  of  vanishes.  J^ 
the  ftytner,  U  ia  i^ed  with  white  bad,  mid  then  i»«th  Ae 
pamt ;  and  for  the  latter,  wMi  oilortppeiith^  nnai 
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Vaimah4amMdt  in  this  vity  differ,  from  Ihoie  mik  BfaoAt^ 
in  being  much  more  fledUe  when^dry^  ood  of  eourae  aai 
soliaUetO'-ccMck.  hi'o^  hJ      m,  ■■       iu"  •  —  ■ 

Oil  ia  likewise  used  by  pmliinibc^if^ut  oil  is  oond- 
dered  the  best  for  black  ink  $iaad?foinolbMr'eoloiw^>  that 
from  'linteeed'  isrcommoiiLj  jcmpk^^ied^^  '  In  >  pvepadng 
then,  the  siliiit iiQiled  us  alcoidjr  ni|Qnt;ioned»  and  then 
mured  witfa  the  requisite  <}iraittifty  dfi  the^ieelaiit&^  mat- 
ter«  Duriiig  diii  pcoeessy  it  is:«vidMt4hat:  si jmostundiev- 
go  somrehangiftS)  fiar  it  aftherea  eeeily  .to  i  moist  paper, 
whiob it  would  not  previously  dd/       •   '  ? ;^ 

Oil  is  employed  also  iQr<  yielding"  a*  gad,  used  as  a 
means  of  affording  light*     'j.  ;  .  )<   >i  -  ^;.  ••;> 

Wbmf  dil is  sirib^ectod  to  aiffedheat.eaioludfadirom  air, 
it  is  decoiaposed,  its^  elements/^  atOemintoiift  new  state  of 
combination,  and  a  large  quantity  ibf  goeemiAjmatter,  now 
oalled  Mgasj  is  given  offy^whicb  affixidsibyi  its  combus- 
tion a  very  brilliant  light,  and^whieh.as)  oil' is  composed 
chiefly  of  carbon  andhydn)gca,;tlt&praponiooef  oxigen 
being  very  small^  contains  ^iitllef  cailmnia  aiid,  and  is  en- 
tirely fireh  from  sntphofv  £w  this  reafSBtdt>dees  n^t  re- 
quire to  be  purified ;  heneie  tliMa  method  ofi  pi^paring  it  is 
much  more  simple  .than  4hat  ibv  piaoanfagiOHd  gas»  JPor 
this  purpose  a  reservoir  full  aloilTssioouHeeled  by  a  tube 
with  a  cast  irc^n  retbrt,  placed  in  »ftuiiade^'  andirom'the 
opposite  end  of  which  there  pa8Sfitukea'tO(tie  gasomeCer. 
Having  stuifed  the  -iretort  with  |iiebes:  of  brick  or  coke, 
it  is  'made  red  'hot,  and  ^the  Mdh^is^tbemi allowed  to 
flow  in,  <in  a  small  stream,  the  use  of  the- coke  or  brick 
apparently  being  merely  to  retard  its  progress,  and  thus 
expose  it  more  completely  to  heat.  The  inoinent  it  en- 
ters the  retort^  it  is  decomposed^  gas  ia  foribed,  and  passes 
into  the  gasometer.  During  its  paissage  through  the 
tubes,  it  deposits  a  little  volatile  oil  and  acetic  acid, 
which  are  drawn  off  \fy  a  Bt<qpcock  attached  to  them ; 
but  it  still  retains  part  of  the  former,  which  gives  to  it 
its  peculiar  odoUr. 

Ttie  qusmtity  €st  gas  gii;en  off  from  oiL'Viariee  accord- 
mg  to  the  heat ;  100  culMeleet  may  begot  from  a  gallon. 
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bttl  it  seldom  amoUDtft  to  io  mueh ;  itt  gi^iiiei|tt««0  Mkjf^ tfe 
eoQBidered  an  «rerag^  q«MXitity; '  lAatts  <ttif^^  *  li6we^^  Ite 
procured,  bat  in  this  case  it  is  of  verj  inferior  illMhiMt^ 
in^ powet.  (For  ths  ccnnpoHtian  icfoitga$^  ^HiBiUMMti')  '■ 
'Different  stfttements  have  been  given  of'th^^Apat^At^ 
tive  p^nvrer  of  illumiiiatiM>of  oil  gtt8/«Ml'whibh4Kai('Waetf 
^ooeasiooed  in  a  gre^t  mAomire  by  tbe-diffdfiBtade  ioi^ta  i^i^ 
pertieg^  owing  to  die  method  f6ll6weAiiii'^pi«diii^igft|||( 

at  it  haB  been  ^eady  mentioned^  ihtft  the'iiiomiahttit^ii 
-obtained  fiiom  a  given  quantify  of'  «^;  >  Af^'ilkdnkiiifinif 
pow^  always  becomes  the  lessi ''  "^  ^'  -^  ^^*^''  ^»i^  /Ufl^m 
It  has  been  found  from  mdiMcraiM  ttfdtt,  '*ttiBit  sT^fbel^ 
oil  gas  will  affi>rd  a  light  ^uid 'to^biEit  ^'^b^'fi^^ 
\»  8-  ta^kow  cabdles  (short  sixeis)^  'buniAng^  ^l^^«i'>de«ii*' 
flaiole,  supporing^.th«Mq«i^ntity  ob«l^i«ddffMn£(gdldfc  ^§8 
oil  to  be  iib6Ut  8» 'f^t^'^'This 'lAttk^s'^^^  UlttdiaMfiKt^ 
j)0<Mfer  to  be  about  dottbtethidit  ^^ewl  ga(i^  b«Att^  ^^M>ulid 
<Ed;  Phil;Joumt^xi.'iiSl.)   i- --♦out)    ai'    .v^mwKib  r^irf)  ot 

•TheMittttufaottire^oii?giboti*^^'i^  '>^^^^^  ^^  ^^^^**' 
a  small  scale,  may  beisbiwil^^by  /<< 
tivery  simple  apparattis;^  iq\|ione^  -'^f  ^ 
end  of  an  iron  tube  "A,'' pasted"  ji 
through  a  ehaufi^v  ^  bring  itito'^'0^^ 
a  red  heat,-  adapta  timied  tiroft 
funnel  B>  with 'a  stop^oook  G^'  >ijfiSJifp}3Sj^ii 
having  previoudy  conneeted  tbd  -^  •  '''  !^  '^<^  *'^^  V*^'^^  <^'^ 
oi^f>osite  end  to^  a  gaaholden  )<jTbe  fUnilkid  bei»g>ifilleil 
with  oil  and  the  tube  properly  heated,  the  stopdo6kis^be} 
opened  and  almost  immediately  diuty*  by  which  «  >litUe 
oil  is  allowed  to  flow  in,  and  the  moment  itfailil'Oii  tke  bel 
tube  gas  is  given  off,   so  that,'  'by  repeatedly  <tti£i^ty|g  tto 

cock,  a  sufficient  quantity  imy  be  formed  tafillth^'^gat^ 
holder*  -.  ..-r-^  •  ic,<»       .  »!•,  .tj otRrj  ^(i 

•  Vcdatile  possess  some  of  .the  pfK)perti|eajof  :fixed'oiIi#'but 
they  difier  from  them  in  manyrespects*  ^«Tbei3r  ehanie- 
teristic  feature  is  leaving  a  greasy  stain  on  paper,  but 
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wkioh-.M  easily  venioTed  bjr  beat.  Hencea  loetbod,  not 
oqljiof ,  diatinguifthiDg  them  from  other  oils,  but  alao  of 
biQPKiliglwhQthfir  they  are  pure.  XhuB^  if  a  drop  of  com. 
a|Ofi^#U>be.  thfown  on  paper,  and  held  near  a  fire,  part 
fl>Q%i^. but;  before  tbenihole  can  be  disgipated,  the  paper 
i^,d(^llfiy^»  If^.an  the  contrary,  a  fev  drops  of  any  vo* 
h^ilp^m^r  aa  turpentiDe,  be  used,,  the  staia  disappears, 
^howt  .the-,  texture  of  the  paper  bebg  in  the 'Smallesl^ 
djpgfee  deduced.  II^;howevtf»  ^e  latter  be  not  pure,  that 
1^1,  M .  iil; .  bfl  adulterated  with  any  fixed  oil,  which  is  fre- 
quently the  case,  particularly  with  the  more  expensive 
^ei^jlbe  #pot  does  net  entirely  disiqppear ;,  the  volatile 
4li%ySiiiQs-efft'but  leases  the  other<»  *  Owing  to^this  prt^er^ 
ti^.n^UtUe  oils  aire  eonnetimes  ^employed  for  making  pa. 
fpr  jtraospareipkt,  witb  the  viewi  pf  copying  drawj^s*  The 
HUpWirr  being  besmeared  wilb  pure*  volatie  oil  of  ttirpen* 
l4l(%rmid  dx^d  by  exposure  to*  air  for.  a  short  time,  is  put 
on  the  drawing,  the  traces  of  which  are  distinctly  seen 
through  it.  After  taking,  off .  the  oopy  by.afpeacily  the 
oil  is  easily  expelled  by  holding  it  near  a  fire^ 

The  volatile  oils  are  in  general  as  fluid  as  water)  though 
tiiey  are  occasional]^  thick.  Some  are  colourless,  but 
others  are  of  a  bluish  or  greenish  colour*!  They  have  a 
bot  taste,  and  each  has  a  smell. peculiar  to^ itself.  •  They 
are  generally ^  lighter  than  water,  but  in^aifewt  instan- 
ces they  are  heavier,  as  is  the  case  with  those  of  cipnanKiD: 
alkl  ^cloves.  Oil  of  tiurpentine  is  of  sp.  gr.  79S)  of  juni- 
pers only  GIL 

..They  are  .dissipated  in  vapour,  at  a  temperature  below 
that  of  boiling  water,  provided  it  is  present,  and  they  are 
not  altogether  excluded  from  the  air,  the  vapour  con- 
densing unchanged  in  its  properties*  If  the  experiment 
be  conducted  in  close  vessels,  they  require  a  higher  tem- 
perature for  their  volatilization,  and  they  also  undergo 
decomposition ;  they  become  black,  and  their  odour  is 
changed. 

<<The  congealing  point  of  volatile  .oil&  varies ;  that  of 
anise  seed  congeals  at  60^  of  turpentine  at.  14,  while 
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Volatile  oiU  are  used  chiefly  in  the  preparation  of  tte- 
xifisfaes  and  paints.  They  possess  the  yaluable  property 
of  preventing  vegetable  matter  from  becoming  mouldy'; 
hence  a  few  drops  of  oil  of  cloves  are  frequently  ndled 
with  ink.  The  efl^ect  of  Russia  leaiker,  in  pnesening 
books,  is  well  known.  It  operates  in  a  siihilar  niatitieriii 
preventing  mould,  and  which  is  owing  tb  itei'coiltainftti^lt 
strong  smelling  volatile  oil  derived  from  birch-woOd.  ' 

Camphob.  •■  ^t'  \'.'.  •■'■'. 

1 

C^tttphor,  which  is  nearly  allied  to  Volatile  oiW,'  it^i 
white,  soft,  semi-transparent  substance;  hairing  a  dryitkl* 
line  appearance,  a  strong  and  fragrant  odoOr,  aiid^^ot 
pungent  taste.     Its  sp.  gr.  is  988.  '' 

It  sublimes  slowly  even  at  a  natural  tempersttatef  'tiad 
the  vapour  condenses  in  slender  crystals.  It 'etn^pdrat^ 
quickly  at  150;  at  288  it  is  fused,  and  at  400'  it  ctafeii^ 
into  ebullition.  If  the  temperature  be  still  farther  hdsed^^ 
it  takes  fire,  and  burns  with  a  bri^  flame,  gitin^'but 
much  smoke,  and  the  usual  products^  caibonibaiSdiiAd 
water.  When  heated  in  oxigen  gas>  the  coittbiititiiM  & 
very  brilliant. 

It  has  been  analysed  both  by  the  destructive  distillate 
perse^  and  with  oxid  of  copper,  by  Tfaonusoki  ^and  'Un^' 
tihe  results  being,  ^  ^  .  .m  / 

ThoinMHi.  Xavi 

carbon,  7S.91      -  78.0*.    ^^ 

oxigen,  11,6  ,..  lO.iOt,    u  - 

hydrogen,  14.49  .  ll^m.  >-i' 

Camphor,  if  soluble  in  water^  is  so  to  a  very  smidli  de- 
gree, the  fluid  acquiring  the  peculiar  ^flavoui:  whm  tlt 
turated.  with  it.  »  .,     ;;        .  ji:iUi: 

Most  of  the  acids  dissolve  it  When  heat^  it^DiloiB 
add,  it  is  dissolved,  but  at  the  same  limo^lteredJtixiitt 
properties,  being  converted  to  an  >acid  called  ctm^hma 
The  process  for  preparing  it  consists  ii^  boiling  ia  a  teips^ 
to  which  a  receiver  is  adapted,  an  ounce  of  cam{riu>c)in 
four  tif^acid^  repeating  the  ebullition  four  or^fLvejCitoel^ 
with  the  same  quantity,  till  tin;  oamphoar  oeases  to  rise  dr 
vapour,  each  time  returmng  into  die  aaiebdie  nattar^duil 
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sublimeil.  into  the  receiver.  During  the  process,  nitric 
Qa^daIKl  carbonic  acid  are  disengaged,  and  a  transparent 
flufdiM  ^^^  which,  when  it  cools,  deposits  crystals* 
^^.^fiimphoric  acid  is  sparingly  soluble  in  cold,  but  easily 
^[jj^HQlyed.  hy  boiling  water.  It  is  soluble  also  in  alci^ol, 
mi^J^hc;  solution  i^  not  decomposed  by  admixture  with 
^9ff^'i  )l%,\iuite»rw'},i\i  bases,  and  Soxms^ camphorat^. 

Wjt^.pi^phor  is  Jong  digesjted  in  sulphuric  acid,  a 
substance  is  formed,  possessing  many  of  the  properties 
of  ihe  astringent  principle  iannin^  as  was  first  shown  by 
Jtla^h^tf  (Pl^t  Tr^  1605.)  and  t^terwardi^  confirmed  by 
((i)^^^Q\}^\\y(Sce  Tannin^) 

,.  .TJti^.actioa  betw^^  alcohol  and  camphor  is  pe9]uliar* 
When  a  few  drops  are  poiircd  on  it^  it  is  ea&ily  reduced 
f))jpow4er,  wlbM^chjr  before  the  addition  qf  the  spirit,^  covld 
li(^>^  effected.  .  Wh/^  thj^.^cpbol  is.ip  l^ger  qyantity, 
i^  j^,  dissolved?  the  solutiga  beipg  iransparent  and  colour^ 
If^.and.oasily  decomposed  by..?M:ater,  which  precipitate^ 
^.unchanged  i^  its  p^opi^rti^ 

I ,  Camphor  is  salublisj  in.  jtli^  ^^e^.  aijKJL  vplfttile .  oils,  and 
ip  strong  acetic  acid 

Camphor  is  generally  the  produce  of  the  laurus  cam- 
f^fjo^SL  native  of  Japan, .  froijo  the  woojd  of .  which  it  is 
Q]|]^ti|JLned. merely  by;8ublimatipp»  tbp  product  being  after- 
wards mixed  with  lime,  and  again  sublimed  to  free.it 
from  impurities.  It  is  found,  however,  in  many  other 
vegetables,  in  the  volatile  oils  of  which  it  exists  in  con- 
siderate quantity,  as  in  those  of  rosemary,  sweet  mar- 
joram,'  sage,  and  lavender. 

••Itliasbectt  already  mentioned,  that  by  the  tronsmis^ 
8Umi  of  muyiotie- acid  gas  through  oil  of  turpentine,  a  sub* 
$tance  similar  to  camphor  is  graduaUy  deposited* 
Though  some' 'kre  Inclined  to  conrider  this  as  camphor, 
6ay  Linwati  asserts,  that  it  is  merely  a  compound  of  mu- 
riatic IKnd  and  the  essential  oil,  neiUier  of  which  has  un- 
dergone any  decomposition. 

.7'Gaiiiphor  is  used  in  medicine  externally,  dissolved  in 
iictbol  or  oil  as  a  rubefkcient,  and  intenially  in  diseases 
of  die  uxinary  orgatis^'-Mn^ndisd  In- water  in  the  lono  of 
cvldnii^ jlyy  vamtuk  d  mgK  gvifllrnxudaLaii  .  .  <d     . .  > <£. 


A 


192  VEGETABLE  CHEMISTRY. 


Resins. 

Resins  are  solid  brittle  substances^  generally  of  a  yel- 
lowish coloor,  with  some  degree  of  transparency,  and 
considerable  lustre.  When  pore,  they  are  destitute  of 
taste  and  smell,  but  thej  have  generally  a  peculiar  odour 
and  flavour,  owing  to  impurities.  They  are  heavier  than 
water,  their  sp.  gr.  varying  from  10^  to  1186. 

When  heated,  they  melt,  forming  a  transparent  fluid, 
which,  as  its  temperature  falls,  again  becomes  solid  with- 
out having  suffered  any  change  of  composition.  Whefl 
the  temperature  is  raised,  they  are  inflamed,  giving  off 
the  usual  products,  and  a  great  deal  of  smoke. 

Very  different  statements  have  been  given  of  the  oom- 
ponent  parts  of  resin,  probably  owing  to  a  difference  im 
the  composition  <rf  the  substances  themselves^  and  lo  tbe 
presence  of  impurities,  for  it  is  well  known,  that  they  in 

S general  contain  both  water  and  an  eesential  cdL     Th» 
bllowing  is  the  result  of  the  analyses  : 


Thennd. 

Ura. 

ThfOiMOBi 

carbon. 

75.944 

75. 

63.15 

oxigen, 

10.387 

11t£ 

«S.86 

hydrogen. 

ia719 

18.5 

11^0 

In  one  instance,  in  which  the  resin  bad  been  freed  of 
impurities  by  long  exposure  to  heat,  the  jMroduetB  were^ 

carbon,  4& 

oxigen,  49 

hydrogen,         S 
The  discordance  in  these  results  shews,  that  the  sul^ect 
still  requires  farther  elucidation,  before  we  can  oonchide 
with  ctttainty,  with  respect  to  the  actual  eompoeitimi  cf 
resin. 

Resins  are  insoluble  in  wato*,  but  when  mdited  in  ity 
they  seem  to  unite,  for  they  lose  their  transpogcacy  iifl 
brittleness. 

The  acids  act  on  resin.  By  very  cautious  digegflim  in 
nitric  acwl,  it  is  dissolved  apparently  withoiti  andftfgmig 
deoompositioft.  If,  bomver,  the  digestioii  be  Um^  eoft- 
tinued,  a  solution^  is  fetmed,  ^^tadk  on  evapo(«dMi'ykMi 
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a  Bubstance  resembling  that  called  extractive^  being 
equally  soluble  in  alcohol  and  in  water.  If  the  action 
be  still  longer  kept  up,  a  matter  is  produced  similar 
to  tannin,  or  the  astringent  principle.  (See  Tanimi,) 
Sulphuric  acid  slowly  dissolves  resin,  even  at  a  natural 
temperature,  and  from  the  solution  it  may  be  deposited 
unchanged  in  its  properties.  By  the  application  of  heat 
sulphurous  acid  gas  is  disengaged,  the  fluid  becomes 
thick  and  dark  coloured,  and  a  substance  remains  undis- 
solved, and  from  which  alcohol  takes  up  a  matter  similai: 
in  its  properties  to  tannin,  (See  Tannin.)  Acetic  acid 
dissolves  resin  without  decomposing  it. 

The  alkalies  dissolve  resin,  but  when  their  carbonates 
are  boiled  on  it,  they  enter  into  union,  and  form  a  sa^ 
ponaceous  compound,  from  which  acids  precipitate 
k  unchanged  in  its  qualities.  The  use  of  resin  in 
floap^making,  has  been  already  noticed.  On  the  addi- 
tion of  a  metallic  salt  to  the  solution,  a  precipitate  of  the 
oxid  and  resin  is  thrown  down. 

Resins  are  soluble  in  alcohol,  in  ether,  and  in  the  fixed 
and  volatile  oUs,  and  from  the  solution  they  are  precipi- 
tated by  the  affusion  of  water. 

Camphor  seems  also  to  have  an  attraction  for  them, 
for  when  beat  together  the  resin  becomes  soft. 

Resins  are  obtained  from  juices  which  exude  from  dif- 
ferent kinds  of  trees,  either  naturally,  or  through  inci-r 
aions  in  the  bark.  The  fluid  thus  procured  is  a  mixture 
of  volatile  oil  and^resin,  which  are  separated  by  distilla- 
tion, the  former  being  driven  off  in  vapour.  They  of 
course  v4ry  in  their  properties  according  to  the  tree  from 
which  they  are  procured.  The  most  common  are  ob- 
tained from  the  varieties  of  fir,  the  juices  of  which  are 
called  turpentines.  That  of  Scotch  fir,  when  distilled, 
jields  common  resin ;  that  of  larch,  Venice  turpentine, 
and  the  balm  of  Gilead  fir,  Canada  balsam.  The  fluid 
procured  by  the  distillation  of  tliese  is  oil  of  turpentine, 
or  what  is  commonly  sdd  under  the  name  of  turpentine. 

Other  reains  are  obtained  from  different  sources,  ^ls 
Cdpal^  from  the  thus  cppalKnumy  a  native  of  America, 
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mtzMchy  from  iSie  pimeea  9mtisck»j  iMA  gtwwk  &i  the 
Levarht,  nnd  lac^  s»d  td  be  a  derail  from  in««etft;:,fc«ad 
on  different  species  of  trees^  natives  of  the  Bttiit  la^fias.' 

ResinB,  patticnlairly  copal^  a(re  em(>k>]Fed  tas  ftamMieSy 
afnd  ooininon  ydlow  rei^,  when  mixed  iritb^«iaac<UMi^ 
in  the  pro^rfion  of  4  wa)c,  S  reiitf,  and  loliveioil^  imu 
a  good  lutingforjohiing  chemical  ^fi^pararluHB,  'Wfaen  kaat 
fs  not  to  b^  appUed.  "^  =  •* 

Cqpa?  is  white,  Mvrtti  a  sli^t  tinge  el  brown.  1%  it  w. 
soluble  in  irater,  and  'eveh  in  «lcoh(ol  it  is  disiotraA  uriA 
diftculty,  in  this  respeet  diffieviBg  from^coinmBiiVeflfaM. 
It  may^  however,  be  dissolved  in  oils.  When  nailcfl 
till  it  ceases  to  emit  a  peculiar  odour,  whieh  it  at  first 
gives  off,  and  then  mixed  with  an  equal  quantity  of  lint- 
seed  oil,  previouflSy  freed  of  its  colour  by  exposure  to  the 
cAtm'^b  rayiB,'  'it  it  dhsdlved,  and  is'in  4)ii0  «tato  maisM  m, 
vanrish.'  Four  parts  ^.-copal  meited,  -  and  dSbemraada 
mixed 'Wfth  oil lof  lintaeed,'  and  abont^as  muehott^if  inr* 
pentine  as  is  equal  to  the  -  whole  «aMt«re,  t&rm>amm^ 
tfidh'ulted by'japelnier&    ?  •      *  .  .    ;  *  .'i  >.. 

iCopal,  it  has  been  vaid,  is  beted  an  withdifiedlty  bf 
alcohol,  and  the  volatile  oila^-we^bre  obliged^ '^therdfin^ 
tohaverecotnhieita^a  piartioalariBanageBMiit}  to'g^it 
iH'  solution.-'!  Thb  n«y  be  eAfofeed  by  boilingdt  ia  them 
under  fan  indreaaed  presaure^  or  by  exposing  it  tOifEbtat 
vapon^  by^hiehit  i»  at  first  softened,  and^heti^dia* 

<SfBusicnm^ibi6  produce  of  a  ttoe  a  native  cf  4fae  West 
lodieaiia  neody  allied  in  many  of  lite  propeitiei  tarediiMk 
liia  M^bk  in  alhtfiea  <fmdib««loc4Nd|  buti^^tfi^ttOtiet 
\rfth  wnd8,'it  diffexs  irrai  wsins,  in  y4^ding  Vf^Jdo  «(^. 
and  little  tannin.  Its  action  with  gkitest^bafh^bew  ^ 
teedj. ni^tictd^  (See' OlukMn}^    .,    >        r    ,     ..».    ancu^u^ 

^  £a2fai»i#  ite  mecely  mixtUBes  of  vcdaliie  <ii^iBe6|%r  iwi 
the  add  catted  ^benzoic,  T|^  are  aelMUeimi  la^bmllflb 
etltier^rand^sdmevof.theaeids^  :   t  -.,,  /..  [,,  r«.i(i  51  *i 

r!^|%ey  are  t)Mauied:  fifom  fcreea  either  «l!y#poi|||meoi{i, 
exudation,  or  by  incisions.  The  principal  Wajf^y/agtajql 
P&tUy  the  prodiit8:of  the  W9tfr(Htol^per¥yStrnm,^ 
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'Tblu9  from  the  ioluifera  bMkamum^^^tarWf  Sjpotsi  Xk^JtSf"^ 
nuf  qfidnalef  and  benuoiny  tspvfk  ihe  «^a^  befmnw* 
They  are  chiefly  used  in -inediciiie. .  ,  ;r. 

Gmm  reHns  are  in  their  prapertiet  intenn^diaXe  t^.re- 
flins  and  gun)»  and  are  not»  therefore, ,  to  be  ippnsideir^ 
difitinct  vegetable  principles,  ]ieing  mer^.n^udtwea  of 
those  mentioned.  They  are  not  eoldrelyiiK^luble  in  alco* 
hoi,  or  in  water,  but  proof  spirit  diasielYes  the  greater 
part  dT  them,  the  water  taking  up  the  gum,  and  the.alco^ 
htA  the  resin.  To  tUs  class  hdongiolQes^.  ^asm  JiBikiay 
inyrM,  opkumigumammmmtj  ic«<  .  They  are  used.  in.  4ne* 


•( 


» '  • 


CAotrroHptrcJ. 

'       '   •    •    .     ■  ■  f  ''••■■• . 

>  Caoutohouc,  or  Indian  rubber  mb  itisrirequenidy  ealled, 
was  brought  to  Europe  from-  Aaterioo, .  about  the  begiur 
sing  of  the  last  centory,  but  at  Ihait  time  its  histosy  vfas 
9ot  known.  Ceadasnin^,  in  1755,  .ascertain^  tbaliit>w#s 
procured  from  the  juice  of  a  tree  eaUed  HeT^  ilnd  ithas 
sfailce  been.obtiuned  by  'Fveaneii  -in*  Cayemoa,  -and^by 
others  from  trees  whidi' grow  in  Indian        •  •>    •    w 

'  -  When  pnre»  it  is  whltey  %ul  4t  is  ^eqeraUy  of  ^  jb4irGtwn 
ov  blaekish  eoloul-,  owing  toith^  method  ^  pre|MU9iii§>  it, 
tiia  juiee  as  it  fews  from  tbe  tree  fadng.ooUtcted  von  a 
BiOQld,  the  form  ef  whkdi  it  is^takev^'an^  drndnby 
eftposure  to  the  sun^s  rays,  and  then  -to  .smoke,  sucdassiire 
layerii  bdng  put  on,  till'  it  is  of  the' requisite N\thl^k- 
nessw  li  is  destitute  of  taste  and  smidlL  Its  «p^  givi  mu 
ries  from  9S0  to  1000.  It  is  remtfkiyUe  foT  itSMetastid^ 
ty^  a  smalt  slip  4)e$ng  easily  extended  to  ii  great  ilength, 
said  the  'moment  the  extending 'force  is  fvitfadraiwa^  re- 
gaining  its  original  dimensions.  ^The^  ^asdoity  vanes 
^Hth  tl»^  temperature,  'becoming  greatei^as^<dns  i«^yh»i^d. 
Ilttf^tb^  ^tension,'  a  i^gbt  degip^  df  beat  is  evolved, 
aais  proved  by  drawing  it  out  ¥*en  plaoed^bew^n'the 
1^  ''Ott^theA^ontra#y,  #h€n  it  shrinl^j'  Jfc^re  is  ii  slight 
i^fgte^t^  co\d.     '■     ••'  -  '     •  ^..r  " 

'  Oaotttehone,  when  eitposed  ^o  heat,  softens  and  swells, 
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a|id.ei»il»>aaiQ*OMl?  siiwla^^^,til»t^  b^r.  ^,If 

the  toKqieriituiie>  i^uJMjj^ijt  biw^iwUh  n.  bn«^PM9^ 

and  a%:,th#»  ]Mflt4«r  W%m  «H^SWf  ft>fW»jA^l>9>feyWy  W 
4)S*d¥pd  Off  fOjb^i^fAj^ j^  (eT3v^     tdU 

|nii(b«fjU<Mlfigii<#<^^  jAlPj^ 

Volatile  oils  also  dissolve  it  by  the  aid  of  (ifiiit^tubiil 

^iflMsit  iioilljgbftiid«pqiiHpQffHiwii  Im^^fP  ^miippnnAio^  it 

QrMdat Ai\0^^^i»lami^j>  tittMaAt^-  ^.JE^app^th^.lilost  nc- 

litip Mdv'isbciiIitQBiiiplvmt  isiftlH^.4K#tiU#«L«ttl ^.9Q0^m$ 

now  known  by  the  nam^  j^TiniyM%  4ll»wl^  k  ^bfifft 
AtlleMs^4^iiwdbifjk>i:iibput{80«n4Q.timite  AU.angtnal 
Ml^jjipd^tlitQL.difliiq^  ^iaiUitio99  iAbetocMi- 

»i8b»iffi«|/^Qf  iwhNh  d«pmdb.jWe:i4»«K  qiimttty.<4iiMtv«d. 
l^U  4X)MlilutMiKtli€r  i^HoMi  ipm^iHw  of  i  Tei»a]*  o£i  6bs- 


^ititb  siiiall  Oxredk^  Mri^ll  bkib  t  iHM^'gidlon  aS  the 
oil,  kept  wann  by  means  of  a  steam  bath,  the  mixture 
bein^i^t^rtdrtm  it  beM^^^thiUpuliH^^ttftsrilrtiich  it 

hpMtd^ihiM^^^k^i^ehtij^  ^ 

Citiiitaithitk;  tMkk  }t»  eUttticky'  tfid  p^^Mi^\  iMktiAg 
the  action  of  chemical  agents,  is  well  adapted  for  many 
^T^w^ihti^ its "iisl^  in  ihaJdlig  fl«iiMe  tulM'Mid  tar. 
BfidiciBt'  Fk^  th^ difficulty ^'^titlj^^  femierlyiiii  scAn- 
tioift;^tfabte  UMdf  to  i^  liiaMte^by  ^HtCtogfiHnto^UMg  pidees^ 
softening  b;fk^iti^'tb«lii^bM!klg''i^1^ 
#Mip)^ing  them  round  Irpieib^bfMiXe,  'and  UMfaig^tliem 

till  they  adheMr/'^TliisnMliodK  Wir^t^i'^dw-lktle 
fbllowed,  as  the  camitdibM  is  ild*  Ratify  dlrtfiidifod%yi'<^ 
far  oil,  and  which  is  so  voUrtBe^,^  <bii^'1rtlea^•^^gllpu>^ld*  to 
!e1ie'air'^it*ffi^  off;  BAd>te9fife^%  ftt  iti^ure  «lllie»  ^idber- 
fog  t6  the  subiltiittte  dn  wMeh^'llififs  ipr^di^  Funhafc- 
ing  tubei^  the'flbliilkii^te'iftb^'M^p]^  snfdoilH 

der,  several  coatings 'bdii|^'Aftelrwai<tog{ifeny  ky  wUdi 
0i  l«Afe  bet^MMfsqaitA^iMfglil.^'  4t  ^im*ili^  «am^^iilray 
tllat  the  tolution  is  bow  tised  a^^l^loMflll^itiMtofll^fljmil 
Mr,'ted'1eaYili^theeaoatd)em>  ^^Ifemitiidil^^lie^Mikfaod 
tf  (iiuilmg  water-pr«rf^  ^k^  ibV  SDokfoj^  Moi^s^^ml^ 
^^isces  la  the  solution,  «ndwh€fl|v«My'%av<i4iiteiaril  dmm- 
ity  h^^n^^ffm^cs^  paitfttjgr  tb^y^  togidwMitiiMpan  iroiL 
fvt,  'id)teiiw4ibili  th^  tt»;fciing<upiiif>a>Mai»itodto,^^U 
by  the  dissipation  of  the  <iM»  the  isaoiifhotta'eniittt^»<faei> 

'    OntoutetovKisxisH  in^othcn*]flluiC9^thlil|illK)afetteiitfc^ 

IIm^  «l»Y:e(^«bMli04s^«ibrditfr  TkejIblMptfWcwto*  «i«6 
yklds)|]KOMsideiaMei)uantity/>^^''  >'^'  vi  iw/<'ii>i  won 
JiiiE^nrordy  fbund  Hhat  tiie^ TUice^Ubh ^ haA^bem ^i^ 
Ifome^ln  w^i4liqppeired^pMal^^^:)0i^^ 
bmitofamoc  ^ii^  <  4l^  i«i|^isiaited>i  iMt^  '  iWben  itsxpostod^o 
th^4dii^  the  4uid  pturt^im^<4aidll9!  bddattlMMM^  oiH^ 
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iS  abiBdfptiott  oF  oiigbi ;  and  Mnce  the  difficulty  bf  prc^ 
servi«igfltttqtiid»    '  '  j 

conlaitf  r  ttatt^  Whkh liiir been  long  kndwn  tct^ftAid't 
Bkilif te(^U(t&,  With  k  Mhot  ircm,  md to  cMTdglftte 
the  ffhlmat  fibfe<  These  pn^rtiet  wcare  first  pointed  cMit 
hf^^^^ii  ktid  lk!f(et%ard«  hf  Deyenx  andBegmi^  wd 
^HB^  iy  theib  to  the  {if^^iR^  ot  d  pedttlinrpriiHa^ 
i#)ikli'Wdi^  flrsf  d6tldft€Jd  inltn  separate  Mate  by  PrduatL 
It  had  b^Bficdled  ian  dt^mnin^  f rofii  Ita  iiae  in  turnip 
ih  jbrdfi^t'ties  have  been  inyestigated  by  DaTy  wA  Hi*. 
chm,  th^Uttier  of  whom  -  has  poihted  out  a  mctboil^ 

TMniS ,  ^heti^  pitty,  k  a  hattl  brown  finable  sabAnsoe^ 
hWng  k bcfodlltt^' sAoibU^  nittd Wbittbt"asfHogditiaat&  > ' 

Wbenheiked  tn  elb^vesieh,  it  gives  Mt^^yrbcft^ 
acid/  Md  Mlteidtilot(#  UqtiOf  eth!irtaii)iilg'^  emjiyiotflM^ 
tic  oil,  and  cbaireod^  iti  (feMrfdetftble' quantity/  iaMh'k 
iH€  ctppAtattiii.  It:  dmtluit^  "dieHifore^ '  th<i^  uenal  iagi^ 
W^tB  of  v6g^i^bl(^  inattek'  i  Ibrf^  Irt^bOrding  t»  Bt#i4iH% 
tetHej^^p^iOri'ttf  '     '^  -       - 

^«orr.,,,  'A^cto*boif/^       SOrflflj     '       »ktcmti 

' '^''^^■'-  'ttci^tir'^'  ■■«•-      ■    ■     '4latoin§,    '•■»--.• 

•'^'  ■  •  ^'''"  Iiydrt^etfr''**»,     '       Srttbms^  •       •  ^i-*- 
^  It  !s  '^lUbK^  iii^  #at^  Ailb^ditig  a  bKiwa  aolutioa^ 
yMch'^^nj6ii)tAlhg  to  ^raihsdoltfy  do^  Mt  beGOtti»ifi#uldy^ 
M^ei^  tbM^  eskfidsM  .  : 

Tim'  is  decomposed  by  the  acids.  When  its  solMieil 
ft  td^MWHli  hitricaoldi  It  Itecomte  torbidv  Imnt^my 
Mkfo  r^^ils  ittl^tratoipitfeiiey,  lilid  iwqttbtNi'  a  bibw»«»« 
lB)^r;  th#tkti  s^^^s,  hoirev<^,  td  hov^  Mdel^goM 
po^tfott,  'for  it  does  not  pi^u^b  the  nsilal  phe 
^Ih  dHi*  rtf-ig^ttW.  • 

From  the  Watery  soUtiOH  ctf  tftSH  tb*  diluted  acidi 
thiVHr  db^^  pre^ifalto,  kppiMmly  eompc^UfKli  }tf  the 


■  i'   ■'  i'.L 
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add  and  fM^trisgeot  pripcipK  T^ie  .4^ed  «lk^ies  also 
jield  precipitates  from  the  solution^  and  i^9b  lauBt  be 
eonsidered  compounds  of  the  tan  and  the  substance  add* 
ed ;  but  on  the  addition  of  excess  of  alkali^  the  precipi^ 
tate  disappears.  That  a  union  has  taken  place  U  cfvident, 
fcuri  rMig^ts  ^ed  to.  ,;ihp^  «<4^^)^  ;pi-<j4ij^|p^,p^«a«|ifA^ 
alt(]0fUi^>  diSfifent  j(rop^.  tt^^  Qcq^^ioped J^j,  ^^  V  P^Vf^ 
th^alkaV  be^  w«tr«liz^d  bj  ao^apid,  H^  WflV.^  SPPfSfj-? 

anceaM^.pres^pted.  ,  ;.     ,t -,      ^^  ."*-:.,,:".. i-, 

...Mafiiy  of,tbe  compqund  8alt%  as  nitif^te  of  ,pot^  |and 
n^matp.of  Ma>  pri^cipitate  tap.from.m^j^tiq^u,  ^Sjv^n 
iin  aUcidine  carbopate  4s  added^  ^  po^rdei:  In  d^ppf itq4t 
which  IB  a  compound  of  the  96lf>  and  ^n ;  ]bi|t  t^  Jju|d 
itiU  ijetains  apportion  of  ^h^  Ifttt^  in  ^mo];^;if|^  jt^  9^ 
liaU*  for  if  this  be  neutrali^d^  the  u^mM  plf^om^^pa 
are  produced  by  the  re-agents  that.a^t.f^.t^iUiip^,..,^,,   .^. 

.  I^ime,  barjt%  apd.  ftroiit^a,  foria  pr^pipit^^^qil  an 
olive  colour,  appa^eotjy  tbfpwingidp^u,t}|^  ;frWe,<^^Jtie 
tfiD»  The  earthy  ^carbpnatea.also  c^^Ufe  }U  ^i^ppa^^^  ^  jbut 
ibey  differ  from  tja^. , carhoo^t^ ,  qf  .|ha  ;aUcaiia^.ii^:,^9^ 
ifHonmg  solMblp  Gom|x>Mnds  with  it.  , , 

.  Many  of  tha,  m^taUif .  ogdda  ,ali|o  .u^ite  vc^thi  tan^,  a||Q|d 
&rm  substances  palled  kumurefSf..  The  coi^ppmid^^tni^ 
be  formed  by  boiling  the  solution  on  .(fa^,.Oj:jE^  .9fii];)y 
mixing  it  wj^h.  that  of  the  ifieti^c  8al^,..^,far  the  most 
important  apj^ioi^  is.  with  salts  qf.iron.  W^^  infusion  of 
tan  is  added  to  Us  proto^^lphate^.thep:^^  little  or  no 
qbav^i^  butmlhth^  |)qi^^ph^t4e|^,U  tl^oii^i  49}irn.i^  \f}p^^ 
pteeilAtate^.  ,Clf  cpur^e,  (H^e^po^qg  to  ,aff:.t^>n^3^e 
of  tan  and  the  proto-8alt»  the,  dark  C9(lc^.gi;ajdi^^ 
pears.  Thi».  ^s^inpound  }»  si^pp^aed  tq  /w^^i^  PW^w^d 
fii  iiwii  t^  0xpeea  ^f  oxig^  ip  it  haying  *pasf^,tq  the 
teiw  It  is  daoompQsed  by  4»e  acidi,^  which,  uniting  yrith 
the  ifon,  a^  tb^  ta^.  at  libertyv  Thus^t  pn  adfUng  i&iU- 
libturii;  «dd  toi  tt^  bla^^k.  fluids .  it  lA^antly  becoqaee^.f^ 
lourless,  but  the  colour  may  be  recalled  by  th^.^eutr^- 
Aitioii;oC  the  aeid  by  any  aU^ali. 

'  <  Salts  0f  lead,  of  tint .  gold,  platin^mf .  and  aptipiQP J> 
also  precipitate  tan  from  its  solution. 
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^  .OTaniiiniiircckitaimHl  im^fjgt^^m^j  yi^geldi^  ^|f^ 

^gi^i«a  fioiA  caUedvgaUioiHfjNl  «gt ti^inNive  ^pnUeik  t><}  v  to 
t>>TbeuiUlwta«ce.  tlmt?  ^(kiU^tii^|;rfateaft>iq0Wlilg^HU 
luitgallsMfKomscMiGMcipiiidiftimMarirf  l)ie  Mfc^KKiiaiitiM 
b)^ tba  pawtttrlaiiQl.ai;  iliDallHmefrt^ »  ^Tl^y*^(Pi^  c^-  (It  roiml 

to  Diary,  ^(M^gcdM^cf  ^eppotgiUi.ftffiMrdQ^f^^^^^ 
MtlioaiijofiitheirBoIutiaii^i  186  graiiif^olSOiPf  vwt4dEiw€it 
tan,  the  remainder  being  mucilage,  gaUioraddir  and  #x- 

lffact<t'it*is'OMitlub€d)  .a)«fv4i^>t^'kai¥m*APd<iMMrk#f  a 
great  vMfijrTegetaldes^i  «Tbiljrbark!ofi;|]M»()CAk^vrf(ilbe 

iieientor  viljbw^  aod^fifiaitkb  cik«tmut^MaHudi(N|0>taQd 
gmontea/^tihviiaB^  dJbe  fhodlaliif  i;be^rbw  cortatap^^/drifd 
and  ground  to  powder,  contain  it  in  considerable  ^hhAi- 
tity^o  Dwrgrabaa^  iMBdctfiatifAei  ioMrf :Jiiirli<rh«t»  nanre 
tlw^tkft  outer istootordrnglii^  jrtmog^trcm  1^^  hatOfdift 
lofmorimeso^p^jnelditHiaretiianjotdowa.  aotf  io  »iA»  ^ 
. jnGblfliAn^  aopferttir  jBjiMMbi$( ggrtragted  l^  d<icoctiwifMi|i 
dKt«isodqo&Ilhbatfal»liff»|tfflbi$  M)^^  -^it^nkftg^ 

qtptttitgr  4i£:siti;  hlAO  gnp^  eltBomha{pieai|eclrai1dKNrddi 
Sil^r«hilntJlHtrf»mBBngi^<yielded«Ml&  :rj  p^vr^  ,yhnn^ 
"^^iJSifia^taqicixInetijfiMin'jlItt  eccokfattwaifk^ia^wt  fleaddt 
grd^  f^Mrvfap^iiKiJaBniaay  andLialaaifitoiiE  thc^^ipB*^ 
l|ieciBSio£''«iitfli;plM^  sfiflkticiiteljr  tfae^rdriii]£Hra^<  of>iBk»- 


fii  ^DandiB,*  *  it^iailrbcieiii  toentionadl^n  esiate  >i»  (the  dJAtent 
•iflb8taiitcibfithalii>^M(ot^  ^ugwhktmnM^agSi^exiJnio^ 
knd  gifflip  add,>  fiiith  whiofa  jDrisiad^Jnjdiriat^  Uatdcd> 
that v'/tfaottgh; several  f^noeeltesviiiiTB  besq ^^oeooiaiaaMlfid 
f<to;8epafatingldiegt$r>te(JB  dol]l]d:CplJl»an3r>7l(dd8  itijyjre. 
Thutigiveii  byt  "fkfxmaUatS  ia^cbcccnlfiig  IhiXhblimomiif 
Ub  tfaeibsfct/rfirTli^eeepaite'bf  g«Hs^b4«^fiawd^,  f^irendi- 
g^sled  in  40  ofowateri4or  IklM^  daje^i^aild  lifter  ^pquiing 


off'the  ioltitfol^i  the  digeitioil'  in  i«)leflt^'  several  tiiileg, 
W^ttrtct^  <he^<¥hbll^'  of  4hi  iMblLemati^  The  fluid 
ilifdir  tibttthed  isf  evt^KifAtdd  todidiMue  a  Iburtb/i  tbcn 
strained  and  evaporated' to^thryliMiy'aiad  theiPtiidaeidi^ 
Mitti^  t^aMdly  ifc^ni  idODbolif  lteiit'140thiiifrniriter 

Mitog*««M  ^tI^tbi^tiui|)cn^tim4^'t^wpR^  vedumd 

xtttht  ^6l^>^(|hd^g(dlicifiildi4n£T^ 

solved  lA  >#«C^,^  'lMl|f  ^  b3r  kaapomiie^dtUBf^  iAtaimmcXht^ 
tAikA  it  «dtitrfni([/^ls  sepiurlMAifcy  iMbmin^aliakildyii  Imd 
%«titoaddiridtt  dP  i»u^Mmal;#(l[l£^f)0la8«^> the/su^atdicf 

^tt^'f  alst^'pi^^Mif^  4s  rMvar^itdJi  lO^fUltiffltnitiniis  adttaM 
HP'tMi'ft  nexl^dedVcJltoiiiMoi|9taCJs  AetBoakdm^r a^Ahf 

tik^taMUret  in'Miipettiioi%  llkfefmtftaliid^ciieiDOfled^caiiditlie 
ttn  left  in  soluti#ll^  ^atihouiu  Mniid  isi^msicabi 'jdt  ..u.) 
«*  Tativ  o^>'i*atb€frlibfifltfulfttaii^  fnriiiiMli>itr^ 
iMbplbyed  ^  abondatulyi  iii<i  tbd  'iurts.(f  o  (fffnni  j  itr  rpow^j  c^f 
iMrikhyga*  black  oideiiar  ^i&HKiStBboi  isoiii^iit  i8)UKd)ii 
liyeing^^{^te<k)Ukifing]MMg94^  sUd  j»tbsiteaAafaetiti^ 

^'^^in  ^  piieparatfatwtof  ^k^iith^tti^  ssbstwadk  ne^M). 

a  salt  of  iron,  lim>dllienMilfe>addeSltOf  ijnpaitpartiaritt^ 
qualitieK  M>^bu9^  igcm^iinbi^^mtkft^  ilt^iat^ 
iB|tf<nylhe  blaofetnatte^siM^pwndadv^ndfUsiDp^^ 
IbbiokifromtspreadtdgiotL  tW  pi^KqD;  OUd  sI^iIb^  vttafligiip 
candy,  gives  it  a  ^>*fii)i-iip^«|pDd|  kxisliaki^niidarsilke 
tblo«K^idarkeiv\a>piQ^pMn^  aiiorqnis^saQdxJbjifitjMtxflklts 

irfoodp|)ettt>aMb''by(8ottW(  vincfKBiismeoifii^^aAy  -^^N^ 
akkie  00  Tiiiiaadivitfa  irMte'ri^nbe  oiac^o&iiies^tm'iail 
ingredients  is^'iMiwdver/UiUJeDded'ivitfvMaHdfiiaVh^^ 
WnMuiCy  Mthefomar  a(j4iii|pfon^rti]e>kiiilefidth.Hbiahlthe 
jlen^ss'cul^t  jp90fadadfft3s<Mt  quite  clieaii^riand3ifaaftcdfl^ 
iMfjiAg  its^edge^iiwliileftbe  lattily'sdftws  liiB;  qiil%  bnd 
babaes'il'to  seqno^  torfaaveitbeialp  Jbequant^^veiidwadi J 
n(Fbet  diSSnrent  t  riledtjiteiiibb  ^laking^jdak^ovfiory^cpeariy 
«^raa»wilhilacb  ntber^  Jdiay  aiOkriwadfvii  Aeripropbi- 
lisnsiof  the^^iqgvedielltSi  ^Pediaps/tbi^'tumidtAJto  the 
foUowing*' 1 1  Put  into  a  battile  ibree'*ouiiees'lif'!atltgall& 
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bviiited^  two  dunces  of  iogwiood,  brused,  mif  oimce  ^ 
green  tiCkriol^  mh  ounco  of  gum  arabiOi  moA  &  ^paavt  of 
water.  <  T!k$  bpttkdngbt  to  horkept  looadj  ooriiie4i£»r 
dbi>ul^^<a:j£b0tt|i^ts  and  irequentlj  ihalM%  after,  wfaudi 
the  ooirk  mu^  bfiti^^M^ipiltiLi^n^  aug&  iof^  v  ia^.i^rc^ 

ptmA  by  the  foUowing.*  In  aiic  qtiacit  be^ar .  ommhvc^  qI 
watery  boil  ibut'  o^woeu:  of .Qampaaoii^  Xegwpod  Iqpr  about 
mthmvtp  adfling  ooRpwmally  « littlajf atev  lo  ^ompen^ate 
for .lo«8  bjr  enra{Ma4ioK  ;  itivun  while  boty  and  .wIkbd^odU 
Hudoaup  the.quaalily  itd!.£  quari%  tbm.  ad^.^M  o^.mt^ 
^aUaliriftised,  green  vitrigl  diM  iikfaa  irw  bMlte  OYf«if 
fits  ta  wlBt8De8%  4  omi  ^oarie  brown  ^ugar^Sjoa* ;  0Wr 
aeibie  6  oa^  (or  for  leas  gloaay  ink  baU»  tim  qum^tlly)^ 
Xbe  wboLamust.b^  tvall  mixed  and  sbakw  :twic)9^i^49 
during  fourteen  dayS)  keeping  the  vesael  lo^aej^  jncwrfr^i 
toi Admit  the  ahrto.^iat  on  the  ixpOraiid  ma3(A  ^  J^ 
darkevi  Afler. Ibi^  tbeimpuritiea.  aret  aUowed  tl»;mtpa4ffi 
and  the  iflaid  poored offtf ;  >  M .  r  L  u'l  /•    .^I'^f^j 

V  J  iink  is  iqpl  44  become  poidd^r  to  prinre^t  ^ibiclbi'iosit 
doves,  or  a  few  drops  of  any  essential  oil,  as  dMMilflf 
peppermint^  msjr  bcrj^dod..  ltd  jppeatfsl  t  inperffotifPH 
however^  are  its  Hading. iwbenii!writi9gsi.ha?ire  ,bein  Itrng 
kqik^iaod  bdng : deslvayed  by^MsidaiS.thefpnKiex!  ofVIDg 
IBD  Ibdideoay^of I. theivsgetaU^paMiple,^  the^laltmtcbJlhr 
deedmpo8itiQnoCthebUdkt«nnu«c(#byfUi^:aci4i:  Aht^ 
Am  firsi<  inatano^  i  thr  iiwniTetUl  remains  oa^^ilbo  p^plft  iikf 
idicea  >  may  be  xecaUed  byspongingiittwitbjeoltttieii^f 
iiiitgd|l&;natidia  4hr -iast^  prewtdedctbe  ilei^tHLrei-Mfi^lK^ 
destroyed,  aUithAti8.neeassary.M.to  noulraUi^^  ibe-ja^ 
fior  wUch  purpose  an  aUudinet  carbonate^  1  at  tbat .  jofi  jmir 
•monia^  Js.emplojFed^tu  /  .)  ..  j;L,j*hi  vo  i  .o  ,.'j}uvr.*  •'.♦• 
:  :>  Anotkev  .jnethod;  o£'  roealliagjitbaiichAnacAimb  t^iiiXJ 
'^nging.  the  paper  with  a.<weak  snlHriaifc  of  ifwr^^^ifliate 
4if  potass,  and  af tsffwaids  with  >wi!y  muohidiluti^  9HUA»- 
tio^acid^  by  whiok  thcy.acqnure  a/fine  Une  coiboiiip^  n  >ti 

rXhferineabo  deatio]^  ink«  >H  the  trai^e^dhnMiMak 
banished,  by  it,  they  may  be.jreodkd^  by  ^rubhiiDf  <;ibe 
pftper  with  a  weak  sobitian  of  hydm-sulphuret  qApdIass. 
*    Another  rery 'impoitaidi  psadiGal  ajqplieatioo  oCiibe 
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iMimgedt  {irindpki  u  m  tmnmiffi  or  the  caiYertUig.of 
gtllE^bd«8.4Uliinl  makta  to  Icatheii    4^£ke  CMatim/ 

Jrtyieial  Tan.  We  are  indebted  to  Mr  Uatdictt  lor 
the  valuable  discovery  of  the  method  of  preparing  tan 
artificially.  When  investigating  the^prmerties  of  resins, 
be  discovered,  that,  by  the  action  of  nitric  add,  they 
a0ml^*a sUbflCanoc aanila^  totaiir  . He a£tenrard* found, 
thatihe  aanMi  was  produced  hpi  odiar  vfgetaUe  bodies^ 
As  by  «Ml,'SoH]a>of  the  babains,  and  gum  resins  (  tffed, 
Mged,  hotm  ail  tbose  containing  mueh  oarbolk^  whidi 
i&duoedhitii  to  try  the  cffetit  a£  nitric  acid  oil  charcoal 
kaelff  attd  IrMi  it  ihe  Ulso  ancecded  in  obtainiag  it« 
Yarknitf  iaetbods  have,  been  pointed  out.  by  hia^  for 
||it{Nlrittg  ar^dal  ta%  (Ph^  Tr^  iaOfiu6^)  imtthai^  with 
diar^oal  is  ih^  easiest.  100  grains  of  afaascmtari  digest* 
Si^iH  Ml  otiMe  9t  nicriv  add,  4d  /spedfie^gvivity  1400, 
dRitiDed  with  twio  ^'  water^  i  dU  Ibsr  whole  is:  dissolved, 
adding  acid  when  the  action  oeaiss*  On  ei^apcnratton  ^ 
file  soliiti<Mi,  wxtAn  is  obtdnedi  aad^'to  fbeSKOtfiroinany 
Adhering  acid,  it  is  again  dissolved,  and  cautiously  ev»> 
]^tedi  By  this  proceis,  1(M>  gittiiis  of  chatmal  yidd 
abotttlM,  of  which  8  seem  t9  be  ulaltr.  <  n 
-i^Avtifldal  tan  is,  in  mosiof  its/prapsrtits^  tht  aametas 
llNit  wbtaiatd  Arom  .astringani  plaats^  Jbdsig^eohibhi  ia 
^NMsiV  and  pmnpnthting  the  mciaUio'salts  v^y  aeirly  of 
tte  saafte^colcmvi  In  its 'action  > with  nitric  dddy  boweveif, 
if  is  different^  for  natural  tan  is  .desosnpeapdr  by  it; 
whereas  Uie  artificial  is  not  only  produced  by  its  Agency, 
iMit  is  sdnble.iaf  it,  without  decompodtion* 

There^'ia•  still  another  method  of  preparing  artificial 
Ian  pointed  out  by  Hatchett  It  consisla  in  the  applica- 
tion of  heat  to  &  mixture  of  sulphuric  add  and  teein,  or 
eampbM^V  till  it  btoomes  Uacki  By  the  uddition  of  wa- 
tav^to  <lha  adotion,  a  powder  is  precipitated;  whicl^ 
when  treated  with  nittia  addi  affvtds  iati«  It  is  prob». 
Utf  that  thisiprocessi  and,  indeed,  that  the  whole  of  those 
iMntiiHddiby  Hatchett,  are  the  same  m  that  already  dcr 
scsibedf  for; it  is  well  known,  that  by  the .  addition  of 
water  to  aolutioitt  oC  vegetabk  matter  Ip  ^sulphimc  add, 
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the  sptriagoDt^pMiidptefty^QifQalil^  mt^mk 

i\:tii^fi    .?ji')nixt8Cii<«  lo  yji^nii'''  ^*  auyii^  nx  jvjqi'  .'ci>iii  <.^.li^i 

f]M[i^itiMd»  f  t'to^pbUiiiMi;^^  >  jU4s'««idkit'  tihit4lieMMitt« 
^pitkmfd  4h^faii^%d3ri  ^musl^oMMfo  «<v«il6lytil£' iogM. 

idMk|g%hloh'flPll#ci«igfi^^         tslikjtoibkiKMmaJfai 
%1m  vmdk^  SiriRrdl»;ieal)0dMBf^g0Mi^ 

When  boiled  with  a  salt  of  alumina,  w^prCRiipitdlt'iip- 
pears,  and  the  solution  becomes  nearly  colourless.    The 
•same  likewise  occurs  wiA'^^lotiUds  of  some  metals,  and 
Wldyi^i<  ftaSttf;  >oWhen^'^ftir  instance^  nmnvMof  ^  is 
itdd«dc>tcPtf^  a»%MWiMdMitd  jwecfipkate  iafirtmasbibcKt 
^J'^Eitt%oti%e^fe  #otaibi»i4  alcididl^nditheflslutite^iBfiiil 
'd<toyltl{Med<*'by'Wiater;'~<<'-^*   "'^   .ru»«p/.!i    nu   .f.-^e^j*  b  u>m3 
'  IFi^oiili  %iiat  hiis  «<y#^ 
4?hfc^f»^  We^it^tf^^fiAkd  t»  jttdgfe<^>H^ 
Whi  cburid^red*  fa>IHd^kie#<¥eg^Ue'^^ 
l\ibilitj^%i^wtfte]^  fllkd4ti%liMll^  tad^thi^^lin|fih  eflbbtti 
t)«l  if  ^  boUfaig^^or»lky  oiytf»ltrt^t^»4rfie^fl<Hfald^iM^ 
induce  us  to  believe,  that  th^^Hfiidaift^61^^Ulttt^«0bldi3» 
W«ntil)M4l^4b^:^^ 


dteady .  desarilied ;  but  if  ne^xambw;  tfaemt nom  miatate- 

b^ entertained.  The  solutions  supposed:. to  oooiaiDiex- 
tract,  must  have  in  them  a  variety  of  substances,  which 
together,  on  the^^4^^<j^jpi§^rj|^figp}ij^  j^  present  pheno- 
mena not  to  be  obtainedi  by  any  one  pnnciple ;  and  hence 
piidbaUyf^hftdauaiii>£i>tbe,4iffiB)|y^^Mi^^  t^fStiMtsvllom 
4litfcitentlbodies.i  >Swie  are  wove^  t|tf>luWe  ja  iwater .  tlwi 
iiLiAkoholt  oth^m'diexeveraeD  tbe&TBicifinity,  iboTjeffpe, 
cmtaan  mona  muoilagiBoVi^ithei  letter  anorei  refiinous  oiai- 
IflilUo  Qblofinc^  tbe  aJJeattesi^aBd  m«tiiUiof  salts,  piXMlace 
pnreipitttitea  ftom  axUraets^vbtift  (bi^fiMU|i«jMippeiiirywidi 
tenia*  T)be'  ii|q>easaiiW)Of  tfmuik^  'ihe  maioRf  .solutioni 
nay /be  accounted  for.  by*4dae)  prffsonoQ  af  aGetk>  aeid^ 
whicb'  baa  alsa  been^d«tle«(tod(iin<)  tbeos*  viCtrom.  these 
different  drcumilaBCQi  ^(iMy^bfiM^itkalbifWJbatf  it  called 
kxtnact^  is  merdy^  €onluMtoi^«ff>  A9{Hiistiofi^pl^^ 
«0liible  ittrir&tar^ .  jut^lpiM^titMio^^  and 

aUMigi^idij  thosoia^fmiiioCdlm  piJliQipl^«Qt(iSp|ttUa  io^it, 
but  rendered  so  by  the  presence  of  the  iorm^i^m  trtben, 
aalrdtt^  tfaejchMidluil  ^im^m  4ll9fikMd  to  4ir«Mtb!i  re* 
aq^^ire-agent^ronirtbeni^ejjUiii^  iiepMAMjr  ^vr  ia^iKUvlwa- 
^itioti  J  At  vXhimviUhtiVLMfft^^^f^^  IjNiPU^t 

iMtlMlMl>Jt)lhe-e<iat«iife^  MiilJMiMtrtMBW^  )^9mfm^ 
i64^SfiMiAie9.4iaiM9ibed  4^  iA^iwii^ffmtii^iliye 

€|dl6lbinf<ttte<|tion.fuih.rii(i.   k-   j1b«  i;   xiJrv^r  bfjiiod  'tf^H /^ 

jCI  i  r.^tMiJJoilr      y^llil'i'T  >*3HTTa'l:..j   ilOUulo?  sill  bn^     ,%1Si'K\ 

By  bit wtnnsi « are ■  f meant  those  /MUttpouodinflamnMible 

ihe<€anlfa^jQi!aitjit0taujiifiBQe.  i  TJi^JOagrJi^diji^uM  into 
two  classes,  the  liquid^  and  soUd«^fiTo/tht»'ifar|EMV>be« 
lMgMa|didip^fetiroleuiiiiiAn4  iyilin««9l^  »f(b^b^^^er, 
4M|ihaltui^«iwral  qMuAi^OM^  if tinMylialtiiflA,  andt^* 
u<tiA^pA^^i|bikpfil«ijri4l(^b-wlpm:ed  i^^UtUi^^  £(Wi»d 
m  ibe  sb(iirw.4^iilh<s^Ll^9«|M^ 

iMlfl^pimg^llt Jttagpmftbl^iii^  >^ JtMB}a|^i^^ PV- 

rifi^)lj)fidi«tiU|^ti«A^iit«Mft»rii  j«Hi  ,»v'vlKi  oi  -^.f  Mdb    . 

JNhm  i|ertedfi|t<4otf>yftsfiliib>ii»  lOMi^be  iUliUMIir<#iad 

oondensed  unchanged  in  its  properticiy  but  whev  air  i4 
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prefeiit  k  bums  intb  a  white 'flaott,  gnringt out amigIi 
9iiio]fiCb«  When  its  TapcHirig  mixed  3ritb<oxigtivkli^ 
mth  a  fluneaimilaTtcitiiat  of  •dttfiantgas,  axuiiimthigimiq^ 
wd'  by  Jieating  it  'with.^raid  lof 'oopper;  tbs  j|irbpDr|iaami<tf 
ito  iagredientt  fa8«>ebecn^a8ceItaitt0dl;  butyery^dMEnuit 
•MemMrti  have  been  givearof  its  coapotitieiu  Acesid* 
iog  to  Thomsoii^  its  ooa^aent  parts  aie^M'!    ^   - 

deficioicy,  supposcd^todieacotey^r  #  y^^  i>r  t.rr 
J  Naphtha,  theMfaD^  ^Ufiers  ffrom^  the  iragetable  hbb- 
itancaR  Ibmarfy  described,  in  nolxontaiiiioi^  MbjT'  o^igMV 
imd -htocQ  k&use  m  presecving  thajaetaHM  baiea  of^'^ba 
|ifcalieB»  (SeeiPatanmm^)    /<    t'^.  ..(!-;.«(!, ru.iu.    .t..,.i..} 

.  Jkj  longpesposHM  ta  air»  napfathabeeanwa^faidl^  antf  «U 
tnilar  to  petroleiM*^  •J^k'^not  dissokvvA  byviriMriait'^ 
alaahtl.  <  <  It^diaMihresMitil^tnr  «iid  pbospbonfe  t^ A»itp- 
l^lioatkm^  bea^  /and  deposits4h09  iin^thenr  cajfitdttiM 
&rm  as  it  cools.  It  unitte  wiliiietfaea^^iaadiitriliMfeip  fla^ 
riaod  velalife«Bilsi  it>dissdbiK  oarMitpiidMcfburilHi^ 
lotion ioaawpofakiim  lanmiit^tvf  la  daiiiiiiy'CttMislaiide  * 

.iNqobtiia  similar  4i^  properties  to  tfaatideeeribed/iii 
aoiaiobtainadby'die  dimfUatxtt«f  eealtaK  I  leisitiMs^ 
paraal  atiAcolatialeeg»  ertreaiAy^^wdatiieaad  iainawnallte^ 
itittfsldvfs^ioalebDue^  aiid%eBce  itattseiA-fean^iMHM 
tight  tubes,  and  waterproof  cloth,  {See  p.  197.)-  "»f<»*»  '^  *  ** 

•  Aooording-to  ThomsoD,  itSTapour  is  composed  «{)  6 
voluiaee  of  carbcm  gas,  and^of  iiydDogen  coaden^  inti^ 
l)yali— a  ^^t.  .1 .  .     ■  /  -^  ^I 

Uttnkum  isat^idd  ef  a  Aicfaer  oc««ialenerdia&«iipk'^ 
th%  andi^f  a  darij^ercgldur.  When  sabjiMed  tM^MfialfllM' 
lion,  it  yidds  a  oolouriess  na^btba,  4ilQl)g'^tk'aa»aeida2^ 
bm  .empyreumatio  -liquid,  kawig  a^  daadc  ^awj^tettitifcg 
inalfteriRtthewtart.  Wbehr'<ei^oeed 'to'fthci4air'^it  liaj 
aomes  thidkar,  and  k48<^hil;Veltedala»by'aeida'<)9nenl 
heated  iH'air  k  bufBs,tfiving  out «ti<A  smcftdi    •  A  \  ,^i 

ifineraltar  is  thicker  4han  petroleum,  but  similar  td4# 
in  alLitfl  properties.  " ••'"     '  ^^  •  \^^'ihf^* 

dsfMUum  >  is '  <ftttad^  tggeafc^ AuBdanoe-en  ihe  stores 
ef  tJie  Dead  Sea,  <aiid  4a  rTrfaidad.'    S^'^fs  dat4i  hrvm^ 


I     • 
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apppoachiiig  to  black.  >  Its  Bp.  gc  ^luies&Diii  1070^  lb 
t}/6B.  When  heated  in  a  retorty  it  yields  iolefiant  gas, 
''and  an  ^mpyreumatie  fluid,  oontainkig  ammaaiat  and 
leaving  a  black  carboaaeaous  rosiduum.  ItisinseliiUe 
mwwket,  ia  adds^  alkalies,  -and  altohaL  It  is  scdoUe, 
however,  in  ether  and  the  volatile  icnls,.  hut  its  mostrieady 
tselvent  f$  naphtha,  n^ich  disserves  >aboQt  IxSth  of  its 
weight  of  itf  and  forms  a  dark  brown. vsohition,  from 
which  the  volatile  matter  flies  ofi^,  by  Qxpastife  to  air, 
and  hence  its  use  as  a  varoish^  ' 

Mineral  ipaauiokoue,  -and  taMnojpMteai^  Ilia  Ibttaer 
fDondin  DerbjjFsbiM^  im1  the :  lattarm  IJiemanabiMv  >are 
realty  of  Ae  same^adity,  ^^^hay^'aBe  isf  ^)a  datk-iMwu 
colour,  inflammable,  and  by  disdMatioft  kt  \d  wd^^haal, 
^ridd  .caibtttotted  tiydrdgen^'aad  an  aaspyaenmatic  aily 
-fluid,  leaving  a  dark  carhdnaoaoos  residnoi.  :  k.  .  ;:? 
'  "FUcoalf  by  £tf  the  most  dblmdaat^nd  useful  of' the 
Ixitumons,.  ia  generally  ^divided  into  ithreaiqiecies,  brown 
coal,  Uack  coal,  and  glance  coaL    ■  .        >...<.  lu 

Brcnm  o&al  is  flexible  ^and  r«l|igtic,  oantainiiig  «  aaiisi. 
derabfe  quantity  of  volatile  mater,  aasiljr  proeuved  Aam 
4t  by  distillation.  It  baa<  a<£facoHB  textnrayf. 'bearing 
€id^»t  marks  of  i|s  origin.  'It;  bums,  mthnsi  brighs 
latne,  yielding  m  peonUar  fafasannianaiodaiBfi  ^Bia  JbuMl 
9b  Sevey  An  Devonshire,  dn  lodand,  jmd  in  aevaial  ^auna 
^'Germany.'  ■*  i. ,  ..  •  '  .r..    <.■  ■:     ."'ii 

•Cnancff  asoi  or  onlftract^  ^coneista  afanost  lentifaljnQf 
charcoal,  with  a  very  small  proportion  ofuearlhy  inpnii- 
ties.  It  bums  with  little  flame,  and  sirhen  subjaeSiil  to 
beat  in  retorts,>*yields  a  aodnate  quantity  of  aafbnrattad 
bydrogsiv  but  little  or  no  "tar.  It  occurs  in  Kilkenny^ 
and  in  several  ^paris  of  thb  kingdenii 

^JBlaekiccal  ia  by  far  the  aaost  interesting  of  the  warier 
tie%  aot  only  from  its  asbundands,  but  .its  'Ose  as  fuel. 
It  haa  beoi  ^vided  by  Dr  Thomson  into  fixir  stib-spe- 
cies,-(An.  of  Ph.-  xiv.)  caking,  spUnt^dwrry,  and  cannel 
coaL'  ■"■  •  •  ^' 

Cahkiffcoal  is  so  called,  because,  by  tlie<iqiplioation 
M  heaft,  psrt  of  it  48  aaefcfeedy  and  unuiasa  tha<  lAaimAo  ann 
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into  onie  mass.  Newcastle  ootif  and  that. found  in  differ- 
ent parte  of  England^  are -of  this  kind.  £t  isaoik,  and 
easily  broken.  It  k'  easily  kindkd^  and  huxna  with  a 
lirdy-  flame^  gi^uig  out  more,  heat  .than  any  of ,  the  other 
kinds;  but  owing' to.  itat  caking,,  it  requicea  to  .lie  fre- 
quently stirred,  to  admit  the  atmospherical  air. 

SpKtiicoal,  so  called  iiom  its  r  splintery  appearance, 
though  not  harder  than  %he  preceding,  aa  -  bmken  with 
more  difficulty,-  and  requires  a  Mgber  temperature  to 
kindle  it  It  ia  much  employed  fee  yielding  coke^  and 
in  the  reduction  of  metafile  oves^  .partiralaily  icam^ 

CAerry  coo^  is  ^  about  the  same  degree  of  ImxdDasa  as 
caking  coal,  aad  is  aiso  easily  broken.  It  ia-easily  kin- 
4iled,  and  boms  with '  a  bright  flame^  gi^g  out  moch 
htat^  It  doechtnt  oake^  but,  on  the  ^eontrary,  is  qajekly 
consumed;  henoa  it  is  not  so  eeooomical^ut  the.otliera. 
it  ooeurs  in '  great  abmidanee  near  .G4asgo#  and  iBpFife- 
alffafe.  In  some  parte  of  England  it  is  employed  for 
stiielting iron.  :   ^i*^-' 

Oenrnd  coal  ia  distingimbed  frorn^  the  othevsy^  liy  its 
hardness,  and  its  capability  of  receiving  a  fine  ]I^Wii; 
Md  hence  it  ia  frequently  cut  into  oniamentaJ^  It  is 
itfnch  more  easily  •  kindled  than  any  of  the-  procedUnj^ 
and  dnring  itii  bbmbuetioit  gives  out  a  bright  flmney  4int 
ifttle  heat;  it  qalits  alio  with  a  eraekHag;  noias^  and 
hence  <he  nanle  dT  jmrviMf  coal.  It  occura  in  dilbrent 
parjbcJfScotla&A^ln  WiganitlLaacadiir^^  amdiuother 
phieea ^ England.' - '  '•-^' 

'  !Dr  Thomson  lias  given  th^foBoWing  aa  &e  fMtef 
Us aiiafyAi of  thesie^^differeM lindsof ^eoaL  -'-      ^>>     ' ' 

OokSng.  SpUat  CiMrnr.  Cmmm      . 

carbon,  Tfi.«8  -  76.0     .  T4;48        64:7*'' 

xai^,  4:58  '  19.0       Vjt9^       -  <K^^ 

hydlogeit,  4.18  '    ift»    •  18.4     •    iMi». 

'      ttitnjgen,  16.96  '  6.» ' '  WiStSf '     1»1«'' 

100.06  100.00  106.06  .  mA-obI'  ' 

The  ingredients  in  die  AboVe  iiAile  orfc  ttdepenAdit  of 
the  iaoombustible  matter,  which  Dr  Tbdonda  ibai4  to 


■I 
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Tftiy,  in  the  differettt  instences, - lrom4.6  tall  per  cent. 
100  parts  of  caking  eo$l  afibrdingU^  *o{  spliat  O^,  of 
cherry  10,  andof  camiel  11  cf  mlies.    ; 
-  ^'Tbequantitj  of  cokftr  >  aad  iinatter  ^wiajtiligeA  by.  beat, 
alao  varied,  aaia  Bfaeivn  ip.the  fdlowing  taUe ;  • 

Coke,.         7S74        647.a     .628.6        400  '. 
h'.     VoLmat.  .  2S6. '     &fi8.7^ .     4771^        600 

.!j  aooo .  vmjn    looo.o    looo     , 

Though  tkeabofre  .q)!e6iei  «Ci  Uack  coal^ary  in  their 
oonpoiitioii,  yet  taftbeir  genoral  proaptiAi^s  tbey^are  fiimi- 
lac  They,  all  affordvcarboaic  Mid,  '.umler,  and  amnp- 
Aia*  during  their  combiistiqfi ;  and  when  hi^^ii^  close 
ressela,  they  gire  off  different  pQicqpounda  of  caiiK>n  lyad 
bjdr9gen»  <^urboiuc  acid,  carhpnif  oxidi^(F«ter».  and  aair 
iBpnia;  but  besideAjbese»r  fl^pburettjedihydrpg^AU^  tar 
are  generated  As  the  bwty  k^divH^bQW  ar^  in  4^^ 
dderable  quantity,  the  gaseous  matter  geQ€^a^.J|!^j|r4)l^ 
desUvctiv^  distillatipni  otjf^.jof^icafle^y^^^g^  is 
cmpbyed  forartj^Sdal  ilJuRiippjii^i^j    ^ji  i^^    ^,;i;i  ^i 

For  generating  the  ga9»  th^jicoalr^uei^, ta.9nt9JUi 
piftt^s^.is  thrown  into  U»tg  iitmrejrlinders,  pr^viou^JF 
betited,  and  on  the  open  end-i>fiW.Wph/Avlii4>  j^h^>.'  as 
quickly. as  possibly. after  the  .iqtrodiwlioil.  of^tb^  cpAk 
aiidiaepured  by  a.  screw  and  lutings  J)eqM9position  iur 
atooUy  jceiwnence«a  ^.«<^.itb0  gasMUs  i|ia(t(3r  ^enerat^  is 
conveyed  from  the  opposite  end  of .  thef^cc^tSj^  througji 
tubes,*  to  ita  place  of  destination. .  In  this  part  ;of  .(he 
process,  it  is  of.  the  utmost  comscquence  tq  pay  parjtigu- 
lar  attention  to  the  heat.  When  coal  is  put  into  a  cold 
cylinder^Tind  gr^pally  warmed,  o;  wh^  introduced  into 
one  preidously  Ijfpugbt  tQ  at  white  kdot,  the  gi^  given  off 
l)as  h^X  f^ faint  iljii^f  inating.power«.  )/Vhei^  hovBey^r,  it 
is  thijqrwix  into  the  retort  brought^  to  a  bt^ht  c&erry 
l»eat,  iLinstantly  yields^^  k^ge  quantity  of  good  gas. 
▲s  tbft,  j^vy  hgr(]|p;^carl^i\^.:are  <^a^  decomposed  by 
P^^'^ffBft:9y^.  ignited.surfaces,.it  is  of .  ponsequenc^.  ^so^  to 
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ther«t(^,'fest'they  idHnildb*d^Ted«f  pattdf  thtk 
dii^MHtacieObs  prlaeipUS  sudlirhi^  is  riM'cUef  ao>re»cf 
tHelS^i  ■     '■■'-'>  --;  ■■"    ■■'■■■■  K'.f..-".,  v!-v.( 

The  gas,  tssuiog  fPeni'tlte'Rtartf  iaeontiyad by  tubes 
to  a  vcsse^of  wtfer,  thnragb  which  it  psmes,  «nd  whac 
it  deposits  tar  and  a  strsng-smelling  voUtile  oiL  It  u 
next  carried  to  the  condeDRcr,  a  large  iroD  Tessel*  divided 
ioto  different  compartineata  by  pcrpendicuUr  partitions, 
and  in  its  passage  along  which,  more  of  the  tarrj  matter* 
and  an'JUBmosittcal'Salt,  aredcpeuted,  occasioned  by  taue 
reduetioQ  of  tempetature*  fw  the  pjirtitioiu  being  hd- 
low,  are  kept  always  full  of  cold  water.  From  this  it 
proceeds  td  the  purifi«-,  a  vessel  containing  miOc  ofUma, 
the  use  of  Urbicfa  is  to  remove  the  sulpfauretud  hydn^ea 
and  carbonic  acid ;  and  afttf  passing  through  this  for  ft 
auffidefat  iengtb-of  tiriK,  it  is  conveyed  to  the  ys  holflrr. 
l%ls'ffl'iR  iHge  vessel  BSade «f 
jfaeet  iron  A|  open  briow  but 
drat'tbovej  awl  suspendbd  in 
-a  tankof  wMter  BB,  by  aieM» 
of  chains  which  pass  round 
pnlleySf  md  have  weights  C  D, 
fixed  to  <he  opposite  end.  £ 
is  the  hdnetiou  p^ie  passing  to 
the  top  of  Uie  tank  F.  6  is  the  exit  |apb  iW^illtf 
<oal  is  put  into  the  retocta,  tiie  gas-holder  is  mmV'fube 
water,  and  as  the  gas  flows  in^  it  gradnally  raiata  |l^  ^ 
«e)^t«  preventing 'it  .fina  exertfag  much  piia^wi  \m 
the  gas<  As,  honraver,  the  gasometor  Is  laat  '^timifttTly 
-counfewpofeed,  tfaetaoBcnt  theeti^CDokftf  •oy4ube.G9H(. 
ing  ftwn  itisopcned,  ihegaaisftwCedoutbylba'ean- 
iBeter  (yUaig  in  the  tank.  Of  couree  the  prriMni  %^))t 
giwm  depends  «ntii«ly  od  As  disbuooe .  to  *ihicl|'4ti'-i« 
Co  be  «(mveyed,  and  the  number  and-  rfg^  of.  :thgr''.tnhw 
duoughirfriehit  has  to  pass.  ■  '      -h^  k- 

The  nature  and  [WopertieB  (^  ooal  gaa,  vary -aMotdilig 
to  the  oaal  £rom  which  it  is  pTDCured,  and  tfa?  tOode  of 
tffvpBing  iL  From  the  nunmmis  expcniBeatsi^i'pnw^ 
tical  DMB,  it  has  beea  found  tbjit  S  cwt.  ^  eodl  ehouM 
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yield  about  1000  feet  of  gaji,  tbe  qp.  gCi  of  frhlch  yari^ 
bom  ABO  to  700,  It  sddoiDy  ho^^vfjPj  oweeds^^CjOp. 
The  following  is  the  composition  of  different  spfl^f^^f^ 
given  \fy  DrHenry,  (Am  of  J?hfr#^A>i;;    i       ,    n  ■ 

.       '       ..Is.     No.).    .       ■    .  6BQt.    r     .      r     iSi    ,,     .....f.  M 

■    '        ^^  ■•■2.       'jj     :i     •      6iQ  i    '         ■-•  -t  .If^.  ,'.•;...   ;/)^ 

After  the  oondensible  gaa  was  Yeiuc|yed»  }|ihei;€^:]r^n^iK|^ 

■     •      1.        -  -1,5       .  ...94.6  :   .  ■.    '-.'4.v...  U-fiA  -...,    ..vf.,! 

8.        6  8fl  .8       .  IQ.:     )v,  .<  v*j 

8.        a.         .:66     ..      ..I*.  ^'.  4t,W'!o  ■i.-.h  ivi.t 

4.        6  60.  .18    .    88    ;  r.  t.p/ 

The  gas  condensible'  by  ohloriMi  i^  pl^fi^nl^  )^9(1  ^t|lf 

other  Jpnds  of  hea^bydr<M^baiisifor  it^bflO  bqpja.lfitf^ 

ly  shewn  by  Faraday,  that  in  oil  g^,  ( mxd  pp^ob^VJiy  i^ 

in  thatrfrom  coal^  tliere  exist  other. c^m]||Knipda^j^a^l?W 

and  hydrogen,  than  olefiani  and  eonuAon  oarburi({(ted^hyr 

drogen, .  .-.-.^     .  ^        ..n*.  .i  •    ,'  . 

Wheki  coal  gas,  properly  purified^  is  heated  ip.  copti^ 

with  ait,  it  Imrns  with  a  bright  .white  flam^,  mixed  witli 

blue  near  the  burner;  the  products  of  the  cofnbilltJQ^ 

lieingeaibonic  acid  and. water. 

•  Diffievent  statements  have  been  given  cf.its  iUumiOAtr 
teg  power^  Of  course  it  nuiat  vary  acoosding  to  its.  W(94^ 
<ii  mamifietiiTe,  and  the  coal  from  ^hich  at. is  procured^ 
and  a  great  deal  must  also  depend  on  the  mode  of  bucfi^ 
fog  it.  Three  inethods  have  beeii  recommended;  for  MSt 
certainibgvthis*  Isij  Producing  from  similar  burners  th^ 
aame  imUnriiy  qf  shadow^  and  marking  the  quantity  ooa- 
fiumed.  '•  %ij  lij  ascertaining  the  quatUity  qfaaigin  neces- 
sary for  ithe  complete  combustion  of  a  certain  pnqportion 
of  gas.  3dj  By  finding  the  amount  of  gaseous  loattdo^ 
sAMiaUe  by  thlorine  in  the  dark.  The  last  I  have  folind 
not  only  the  simplest,  but  apparently  the  most  free  from 
dbjectien^  because  it  points  out  the  actual  quantity  of 
the  heavy  hydro-carbons,  and  which  are  the  true  source 

o8 
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of  light,  (Ed.  Pb;  Journ.  xl)  By  these  different  me^ 
thods^  ft  ba!s  been  th^n,  in'tbepafier  iililidedt(v)th«Uat 
nrgmd  burner,  No.  fB/ol  Edinburgh,  and  which  conmniai 
rather  mot'c?  tHn '8'ti>)Hc  fiMt  of  giad  "pdtiilkiiirinvfaeii 
burning  with  a  proper  "Bame;  about  S  iucbes,  gives  iD>go-» 
heral  alight  equal  to  that  of  about  twelve  tallow  candka^ 
(short  sixes,)  burning  with  a  clear  flamei  <i    ■        i  -•••i 

With  respect  to  the  coteparatiTe  illmnkiBting  poii^er, 
and  of  course  comparative  economy  of  coal  aad  oil  gas, 
it  hair  been  already'mentioned,,(p.  186^)  that  idierJigbt 
given  by 'the  lattet*,  per  cubic  foot,  is  e^Xial  toifhat^of 
a^ut  from.fi.to  8  "candles,  making  it  nearly  double  4h|i 
of  the  former,  and  this  is  confirmed  by  the  chlorine  test; 
th0  ab^rbable  gaseous  matter,  per  cent  in  good  cmwI  gas^ 
varying  frpin  14  to  18,  that  in  good  <iil  gas  fvom  S5  to 
82,  or  neariy  so^  beeHUse  the  quantity  varies 'Conajdera* 
bly  according  to  the  mode  of  manufacture.  ^.iConside0« 
ing  oil  gas  hts  giving  only  twice  the  light  of  ooai  ga% 
bulk  for  bulk,  and  as  its '  price  is  in  general  more  than 
three  times  that  of  the  other,  it  must,  for  the  puiposeof 
illumination,  be  considered  nearly  twice  as  expenaiv«^  a^ 
without  possessing  any  advantages- over  it;  for  .tlie  lat- 
ter, when  properly  parified^does  not  contain  any  noidoiifr 
in^hedient  ♦.  - 

It  has  been  already  mentioned,  that  in  certain^  parts -of 
the  '  apjiaratus,  tar  and  an  essential -otl  are :  deposited. 
Theirs  ard  sold  t»  refiners,  who  separate  them  by  ^distiUa^ 
tioM.  The  lattef  is  distilled  over,  and  condenised  in  rof 
clivers,  and  b  now  much  used  for  dissolving  «aottlehoue ; 
the  fbti6iier,-whicb  is  left  in  the  still,  is  used  for  covmiag 
the  roofs  df  houses  and  wood  work.  (  S^e 'Caouidkmcmd 
Tdr.J  -^In  some  mumfactories,  the  tar  is  coosuaedAsa 
irieam  of 'heating  the  retorts  where  'the.  gas  is'^enem^ 
6d^  by  whieh  much  of  theauisanee  oooasiootdbyieo^ 
V^j^g  it  frcto  dne  place  to  another  is  afvoided.  Besidti 
tihe^,  there' is  also  a  large  quantity  of  mammmieeii^Btiid^ 

•'»       V    I'.'iin.Mi    I        1,11    i.t.%,1     ,1,11     , r  I  i^»     .1    ttiik    X4HI    iiJ|ii«    i>t>f 


^  ^  ^Thmm  Mmarks  l^ply  to  gu  procured.ikwa'SqptqKpait»:thiiilknhi(it^ 
papers  in  the  Edinlmrgh  PBilosophical  Jounuil,  zL  siL 


I  •■  -^1  ^ ' 


-.i.i'Jl  COAL  <J4^v   id  M.  2|3 

produced  diiHng  tbe  4QCoinpp8i(49p,af  t)iec^,,an4iw}ii€)b 
U'sold  to  mttQMftQtur^ )  of  sal  Bxwaaqf^9fr  .^Sfifi  »$l^  4p^ 
moniacij  •  After  the  whcle:  ot  .tt^a  ga|  is  ^ny/^  9|fP| ,  :fhj^ 
remainrin  tbe.jretof|s  4  black,  .if il)[»n>infi^)|fi  m^ty ; ,  ^  is 
ooke^  and  b  eUher  used,  for  hef^tip»gt|^<f^tprtst  pf  sqld 
to  confectioiiersaad  others,  in  w)}pse.prQC|^^i|fOfi|I  s^i^fl 
prove  injurious  from.theviiiDQke  U  giy^,pMt.     . , ..      ,.  ,\, 

The  Bianulu^tum  of  tcqi^  gas,-^  a,  w^U  ^a}€»/iLQ<l 
sufficiently  pure  to.sh^v  i{,&  illupviiiiA^i^g rPO^wi^x;,  ii^ay  ]i^e 
caaducted  hy  putting  pieces,  (gft^n^.  ii^to  ^  irgqi  r^ 
lort^./the.moutjbi  of  wbioh  is  ^oonect^d  to  ^  p>irifj;iiig 
apparatus,  A^  made  of  timifd  irppc^<  fiU-. 
ed  with  milk  of  lime.  B  is  .the  influon 
lion  pipe,  to.  which  themQuth:of  th^i  re^ 
tort  is  adapted,  And  passing  doira^o  the 
boUoni,  sa  that  the  gas  may  be  nn^f^  to,. 
flofw  through  theiiflu)d»  C  is^.the  exit-, 
pipe,  connected  with  the  gasometei:,  whieh,  ougbA  al,^ 
ao  be  filled  with  milk  of  limew  On. ,  placing  ,  thQ.  r^ 
lort  into  a  furnace,  or  common:  fire,  when  properly  heat- 
ed, the  gas  escapes,  and  passing  through  the  Um^,  depo- 
sits the  greater  part  of  its  impurities,  after  which  it  Aqws 
into  the  gas-holder,  and  from  it  may  b^.  forced  out  in 
the  usual  way,  and  burned,  by  adapting  a  gBS-bui;ner  to 
ka^xit^pipe..  ..        ,    ; 

.  :^  A  familiav  method  of  shewing  tjbe  produpti9l).|9f  .in- 
flammable gas  from  coal,  is  to  fill  a^tohacao  pipe,  wJUh  it, 
cover  it  with  putty,  and  place  it  in  a  fire.  ;<  In.  .the  course 
of  ;a-£ev  miaotes  a  dense  white  sm/oki^  .appears  at  the 
mouth  of.  the;  pipe,  and  which,,  on  i^pi^ying  a„(U^>^»  is 
lundled^  land  ooiUinues  to  burn  for  fiom^e  ti»vaQ«  . kx,  . 
^  elt'liaSifaoHi  already  mentioned,  tl^^titha gaseous  matter 

^gKven*4iifff;du£i|ig..the  decomposition  of  cqAan^  o\l,  ,by 
.JHat/<ctaai6tstchie%.Q£iCarbaretted  Jhydrog^iV^ai^d  ple- 

&mt  ^s ;  I  but  besides  these,  other  i^mpoio^s  of  j^bfjp 
Jmdih^di^giakiMe  also  generated^  spme  of. whi^  remain 

in  the  gaseous  fluid  after  purification,  adding  greatly  to 
.  die  illuminating  power,  while  others  are  carried  along 
Ifi^th  the  impurities.  The  vebtile  oil  of  naphtha,  procur- 
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'  \edi  by  the  ^stillation  of  tar,  must  be  considered  ait  one 
^  oiihp^e. '  li^  conipoditton,  »» slteAdf  ^ntlodM,  ({i.  906.) 
'  V,  accorditig  to  Thomsoii,  ./.,.,. 

^  (jvoluinesorcirboh,!     '     ^        ..  '     : '^  7    i  ;. 
;;   tf  ^  dd      bydrtgtii,' I   ^»dense4  utfo  1  Y9li^^^ 

','  '  tiuAhg  tlie  rcctificatioti  of  coal  tear,  by  'vrbitfb  the'vo- 
^tile  naphtha  is  procured,  a  cry8tidline4ookiiDg  natter 
!s  deposited  in  the  receiTei*,  more  pai^oillttdy  from  the 

'  *last  pbrtioils  thiat  come  over,  and  to  which  the  name  of 
ndpW^aline  has  been  given  by  Mr  Kidd,  (Ph,  T«.  ISSI.) 

^"^^y  pr^i^tig  it  between  bibulous  pape^,''talt  disM^iog  it 
'^n  ktcohol  or  6il  o^  tnrpentiift^  it  may^bs  obtained  in  its 
crystaillizedF  state' by  evaporation.  --^ 

It  has  ^  amcjioth  unctuous  feel,  and  a  stvoiigf  pungebt 

odour,     its  sp.  gr.  is  781.-     It  ihelt^  atlfiK^^  ttid  boils 

'aV  410.     Whenlieat^in  air,  it  buiUs^  aife¥difigearbtoic 

acid  and  water.    -  It  is  insoluble  itt^iral^r,  but  easily  dis- 

'  solved  by  alcohol,  ether,  ^d  voldtife  dils.    AccordLng  to 

.^  Urt,  ils  compositioh  is,  :  ;   ::  .  ;        :i  .  f    .» i*  /i 

"^  carbon,  "^m       w        Hato**    - 

'^    '     ■'    hydrogen,  7.1  1   )d»^^- 

bi!ii'l5f;Thomson^  frdto  his  analysis,  (P;  Pi*.)  inalces'ila 

''compound  of  2  atods  hydrogen,  and?  of  catlio&  -'^ 

'1^^   l!)aWng  the  compi^ession  of -oil  g^  %)t6  the  )^mf^Ie 

^ItitjApi'y  ixiA  by  which  it  is  exposed  to  a  pre^^ufb  tff  abdut 

^''^  k^dsphe^es^  a  volatile  iinid  is  deposited  iti'Mii^Aer. 

'  dbi^  (^[uatitity,  and  which  has  been  exai^iH^  \^^r.i^ 

^raday.'   By  the  application  of  beat,  it  i8<Mii)lT^!tfed'fiito 

vapour,  but  the  boiling  point  varies  k^onsideiNEibij^teing 

the  evaporation ;  and  whf  ch  led  bii^  to  M^ijiese  that  it 

might  contain  different  cotnpounds.     By  kei^ttg  up  the 

ebullition  at  a  temperature  betweta  170  andi  190,  «nd 

.   stibjectin^  the  condensed  vapotrr' to  tetbi  he^plrdliiAlrecIa 

*  ifiard  solid'  substance,  to  irhich  bfe  •  gave  tte  AtoM  tif*4i- 

'  j(V:i'a  Natural  temperature^  it  is  li  ti<ans^]^feBt>0bU)ibrib6s 
fluid,  having  the  odour  of  oil  gas^  and-^  ^{^^JgriuSSO 
When  copied  to  33,  it  becomes  solid  and  crystMKzes,  and 
at  186  it  boils  with  rapidity.*  When  hiiatedf  fndr,  It 
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boms  with  a  bright  flame,  hut  giving  out  a  great  deal  of 
■nok^.  ,>WheD  passed  through  incandescent  lubes^  it  de^ 
posits  carbon,  and  emits  carburettod  hydrogen.    It  is  not 
sduble  in  water,  but  alcohol,  ether>  and  oils  dissolteiu 
Mr  Faraday  succeeded  m  ascertaining  the  proportiona 

'  of  the  ingredients  of  this  compound,  by  decomposing  ii 
by  peroxid  of  copper,  and  by  exploding  its  vapour  with 
oxigen :  100  volumes  he  found  required  750  of  oxigen  for 

i  complete  combustion,  and  600  of  carbonic  ac^d  and  water 
were  the  results ;  now  as  600  of  carbonic  apid  contain  600 

'  of  carbon  vapour,  and  GOO  oi^.pxigen,  the  re^siainii^g^  150 
of  ojjgen  naust  have  unit^  with  300  of  hydro|r^n,j  to  ge- 
nerate the  water ;  so  that  the  composition  ipust  be^    , 

carbon      6  volumes,)        j     _i  j*.*    i 
hydrogen  8      do.       }  condensed  iMo  1. 

And  as  a  volume  of  each  represeqts  an  atoiii^  it  contains 

carbon       6  atoms  or  9S.34 

hydrogen,  8  atoms  or    7.66 

When  the  liquid  from  the  compressed  gas  is  heated  to 

about  90^  a  vapour  arises  from  it,  which,  when  passed 

through  tubes  cooled  to  zero,  is  condensed  in  the  form 

.    of  ^  colourless  fluid.     This,   according  to  Faraday,  is 

another  compound  of  carbon  and  hydrogen.  .  At  zero  its 

i|K  gr.  is  only  6^7.     When  its  temperature  is  aUo^ed  to 

rise,  it  begins  to  evaporate,  and  befpre  it  has  reached  S9 

it  is  all  converted  to  vapour,  which  is  absorbed  ^p^ingly 

by  water,  but  in  large  quantity  by  alcohol :  100  volumes 

require  for  combustion  600  of  oxigen,  and  .form,  400  of 

carbonic  acid^  it  must  consist  th^^fore  of» 

carbon      4  volumes,)         ,        -i  .  .    ^ 
hydrog^4      do.      }  condensed  into  1,         : 

'    or  4  atoms  of  the  former  and  4  atoms  of  the  latter. 
•    Mr  Dalton  has  described  another  compound  of  carbon 
.  and  hy4rogen,  under  the  name  of  supcr^olefiafU  gisy  and 
which  he  conceives  exists  in  coal  and  oil  gas.    According 
Ibitlenry,  100  volumes  require  450  for  combustion,  yield- 
<  '.iag  .800,  of  carbonic  acid ;  so  that  it  must  ^onsi^t  of^  ^^ 
.Wbon         Svolumes,)    ^^  j^^,^;  ;^ 

hydrogen     3.,do.      |,  .;    ,    ».,  , 

that  is,  of  3  atoms  to  3  atoms. 
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'-  From  what  has  now  lieen  siud  with  respect  to  the 
pounds  of  hydrogen,  aod  carbon^  it  is  evid^it  t}^t,  ,eveii^ 
leaving  out  naphtha,  the  composition  ol  which  hasnof 
be^i  yet  satisfactorily  determined,  there  are  ao  lesa  thaa 
6  varieties  of  hy  dro-carbons^  the  proportions  of  the  ingre* 
dient^  of  which  are^ 

Hyd.    Cartb 

cibrburetted  hydrogen,  voL  1.  contdns      ^    1 
olefiant  gas,  —        —  2     »  .       ^ 

super-olefiant  gas,  —        —  8     S    * 

Faraday's  2d  fluid,  —        _      '       $     6       ' 

Faraday's  bicarburet,  *  —        —  '         '4    4- 
naphtha  from  coal,  —      —  /        tJ*  fli 

Oh  Inspecting  the  above  table,  even  tfie  most  superfi- 
cial observer  must  be  at  once  struck  with  the  remarkable 
fact,  that  there  are  no  less  than  four  compounds^  coniain* 
ing  exactly  the  same  proportions  of  carbon  and'  hydro- 
gen ;  and  as  there  is  no  reason  to  doiibc  the  accuracy  of 
^e  analytic  experiments  performed,  if  not  on  the  whc^e, 
at  least  on  some  of  tliem,  the  9nly  way  to  account  fat 
ihe  diversity  in  their  properties,  is  to  suppose  eiiher  that 
^e  elements  must  themselves  be  in  a  certain  stat^  of 
umon  before  they  enter  into  combination  with  each  6ther» 
pr  that  the  integrant  atom  of  each  compound  is  made  up 
of  a  different  niimbei'  of  the  elementary  ones,  though 
always  bearing  th^  same  ra^o  to  one  another. 


-  •"    f  •:•*  i 


THS%ime  of  ^lignifi  has  been  given  to  Vharprincipfe 
left  after  removing  alt  tile  soluble  tnatter  itoih  wood 
or  other  vegetable  bodies,  by  the  action  of  water,  alco- 
hol, and  weak  muriatic  acid,  and  wfiich '  sterns  ^to^ 
the ^ahe  !tf  its prot^er ties,  6om  whalevi^^ kubsiaope  fits, 

'  /AJ    ^ '*'•  "        ■      **  ^        "^      "* '^  ^  ''*'   "'**'♦•*  ^»yv.f*  »"<ar    fftnJ' 

ft4^  d^stittiie'b^taste,  smeU,  aiid  ciJlouif.    K  is  nol 

liable  to  be  affecteS  by  expo^Vre  to  a3f,""ejtc<^pt' Vlicn 

moist,  in  which  i^ate  it  becdme8*^mbul3v,  'tfie^oxijgSi  Vt.  ' 

the  air*befftg  cbiig\miidd,  and  Its  place  suppli'^d'tfy.caiffeo-/ 
nicacid  *'"  '*     '•  *:'.^'*-'f   "' v  *  '"    rm  tfi' t.   nv?on>»>f  .*i"' 


/'When  exjposed  to  heftt  in  cloise  vessiels,  it  yields  a  tr&inM 
piii*erit  6bIoufHe88  fluid,  of  sp.  gr.898;  having  a'  dcrM^i 
pungent  odotiir,  simitar  to  th^t  of  ether.     Tt  boSb  htVBOi' 
and  when  heatied  in  air,  bums  with  a  hlue  flame,  ^#i&-  ' 


i*:-(i 


out  leaving  any  residue.  >  It  is'iibt  soluble  in  water  or  in 
volatile  oils,  but  in  alcohol.  Macaire  tod  Marcef,''tti 
whom  we  aie  indebted  for  the  account  of.  the  propeities 
of  this  fluids  and  which  they  call  pyroacilic  ^ptri^  Ipund 
it  to  contain  nearly  6  atoms  carbon,  4  of  os^igen^i  and  7 
6f  hydrogen,  (An.  of  Ph.  N.  S.  viii.)  .  ,  .j     • 

-  Lignin,  or  rather  wood,  yielda  alsoji  by  distillattont 
pyroligaeous  acid,  which,  it  has  be^a  already  npti/ci^ 
(p»  158.)  is  merely  acetic  disguised  by  ompyi^uma^p 

oil-  ^.■.    .        ^   '       ■•-     .-•<■,.  I>-  !V>. 

Lignin  is  acted  on  by  acids* .  With  nitric,  it  jiel49,-t 
oxalic  and  citric  acid.  Sulphuric  acid  chars  i^  and, 
causes  the  deposition  of  charcoal.  The  conversipn  of,,, 
vegetable  matter,  by  sulphuric  acid,  into  gum  a^4,/^u^:r 
gar,  as  the  sa  wings  of.  hornbeam,  and  probably  from^^ 
the  pres^ce  of  lignin,  has  been  mentioned,  (jp.  ,168.)^.' , 
»  Gay  Lussac  and  Thenard  have  iMudysed  lignin^' fUi^rh 
found  it  composed  of ,       ,  ,  .    ,   .    i  r^Vrn;- 

carbon,       52.5SQr,7  atom0  ,,  ,    ir  •,. 

oxigen,       41.78  ».  4atoms.        .,.:f»j.   ..  ^, 
hydrogen,     5.69  -  4  atottjs;     ,,.  ,j  ,.,^,^f, 
80  that  the  oxigen  and  hydrogen  are  in  proportion  to 
form  water. 

•  When  lignin  is  digested  with  potassa,  it  is  softened, 
and  a  solution  is  obtained,  from  which  acids  precip^t^t^TA 
matter  similar  to  ulmin,  (An.  of  Ph.  xvl)  .  ,.,    ,•* ,, 

The  principles,  the  {uroperties  of  which, hav.e  now, been^  .i 
described,  ar^  dispersed  throughout  the  vegetable, j^iig-j. 
dom,  and  have  been  long  known  as  peculiar  bodies*:^  ^.P)^,.  ^ 
late,  lioweyer,  a  great  variety  of  substances  has  beei^  94^ 
ed  tO; ^he  list^  many  of  which  are  confined  to  B^ii^j'.p^^,, 
ev^  tP  one  particular  plant ;  and  the  properties  of.  ^^^j, 
of  tbfese  h|iyQ  been  but  ve^ry  litt)e  invest^|^t^ ;  ii^de^  ^„  • 
little  18  known  <tf  them^  that  it  is  doubtful  wbetberj^^y, . 
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Mgbt'  to'b^  admitted  as  distfaiet  f^riodipto.    Pthcrs, 

filed  dbjjeetA  »  ,  i 

,•"'•*  '■';•■•,•■ :'    '  '  -sirSisMN.     '  '  •■; 

^'Wlmieork,  the  bark  ef  the  quereus  Suber^  is  treatei 
^th  successive  portions  of  water  and  alcohol^  a  sub* 
^^taiice  is  left^  to  which  Cheyreuil  has  given  the  name  cl 
wber  or  aubetin.  It  dSffei^  Ironi  figain,  $nd'  the  odier 
principles  already  noticed,  in  not  yielding  oxalic  or  ma- 
lic with  nitric  acid,  the  product  being  a  peculiar  cMie 
dilhed  / jmiArici^  and  which  unites  with  baae^  and  larms 
^mienou;  (Ath.  at  Th.  ix.)  ^  \ 

' '  )Mudurooins  have,  by  Bsaeonnot^  been  found  t#  eoDtain 

a:pednliar  principle,  to  whiebhe  has  given  the  aania  of 

^fimgin.^  It  is  obtained  by^  washing  the  fleshy  part  with 

a  very  weak  warm  alkaline  solution,  after  which  there 

pMmim  a  ^Hiite^  inlsipid^  soft  substance^  easily  deocmpOsed 

l^y  heat,  and  yielding  ammonia,  shearing  that  k  omtalna 

initrogen*    It  is  decomposed  also  by  nitric :aeid,  widi  the 

^disengagement  of  nitrogen*    Alkaline  solutions  do  not 

^dlsMlve  it,  except  whte  strong,  and  the  action  is  aided  by 

,)Mtt*  •■  These  properties  shew  that  fungin  is  not  only  dil* 

Ibrept  from  lignin,  but  that  it  bears  a  strong  resetaiUanoe 

M^ehe  principles  of  the  animal  kingdom^  (An^  d^Obsm. 

Cathaatin.  • 

,   r      ,»  .      ,    ■  •  ..  '  •■•■.••;         .    -    rr   ■'  i-.        •  (  i  i#     ;•    ■.    • 

'*I*  fiMna  leaves^faave  been  fiHind^  I^Lassaigne  and 'Feao- 
dSte^  (Anlfle Ch^  et  de Fk^^vi) toyifehlaip^duliflrfpsfai. 
ciple,  to  which  they  give  the  name  c^  Cathartin.  v  B)r  d>c 
addition  of  sub-acetate  of  lead  to  the  infusion,  a  precipitate 
is  formed,  which,  when  acted  on  by  sulphuretted  hydso- 
^ig^h  jfMed  bf  Ha  lead>  while  oatbartin  ia  left  inflation. 
Tl^fti^Jiki^ii  k  evwporatbd  Co  ^vyness^^UiMUrediiaaU 
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cpbolt  and  again.  eVaporat^^  On  llie  udditioii  of  alcdhol^ 
aiojkliflate^  with  pulpbiitic  ndcb  potaspa.i^Vdting  in  the 
folution  is  deposited  in  the  state  of  sulj^ate ;  and^  by 
adding  acetate  of  lead  to  precipitate  excess  of  sulphu- 
ric acid,  and  sulphui^  hydro^n  to  throw  down  the 
lead,  the  cathartia  is  left  in  solution,  and  is  obtained 
pure  by  evaporatioiw  It  has  a  ireddish-  brown,  colour,  and 
^liitter  lumseouf  taste ;  x»  9oluble  in  water  aiul  alcohol, 
initrpot  in  eth^.  When  acfaninisteiied  in  very  9iaaU 
4iMfish  iP  it<Pts  as  la;  powerful  purgaiiTe. 
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/  TSiestimolatiBg  efifects4)f  Opium  are  supposed  to  be 
owing  to  the  presence  of  a  peculiar  substance^  first  aotioed 
by  Derosne,  and  by  Serteumer,  but  proved  by  Robiquet 
to)  be  a  distinct  vegetable  fyriiiciple,  to  which  he  gave  the 
fliame  -of  nmrootm.  >  It  is  obtidned  .by  avapotaling'  the 
laqueous  solution  of  opiaotto  dryness^  digestmg^the  re^ 
idduewith  ether,  and»  evaporaiiag,  by^hidh  iti^is  da«^ 
fosited  in  slender  crystals^'      i  :> -i  '^  ..  s/^. 

f    Narcotin  is  insoluble  iiti^^atov.l^M'^'^i&^i^ly^  ^ 
sstbenand  by  alcohol,  though  i»'tbe  lattec  Fith. difficulty. 
dVhciugh  not  soluble  in  water^  ^^i£  an=  acid  i>e  pre^nt  it 
dasdisBolved,  and  as  in  bpium  tJbeneas  illwajraikci^^ii^id,;  it 
^  tafasa  up  in:tbe  wateryinfusiw*  >  Aoetkai^  ^$tmmtf>iMct 
-tti  i^  ond^tleprive  it  bf  soma  oCits.pffyqpeHias;>aid  hfnce^ 
fndhdbly,  its  effect  intprnventinig  tk^  diilagreeiA>te  leymp- 
iBnsjaitettiaiit  in^some  individuaUiOft..thQ  .va^jof)  opiuai. 
.   Though  not  apparently  possessed  of  alkaline  pixlpeiu 
ties,  yet  in  many  respects  it  resembles  those  of  the  vege- 
table kingdom.     Thus,,  it  unites  with,  or  at  least  is  acted 
on  by  acetic  acid,  and  so  far  deprived  of  its  properties ; 
and  it'iscBitatusiiititogenr  whiih  ia  the  caise  with  veigetable 
odkalics,  (An.  de  Ch.  xlv.  An.  de  Clu  ei  d^  Ph>  v^^idv. 
^Maoist.) 

(Jaffein. 

v^Caffein  was  discovered,  ia  Coffee,  by  Sahiqliel,  and 
alsa.by  fi*fUtlier^apd.€av0iitQ»i.  ^  It]  ij  iol«^jip;^i^aCer. 
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asd  in  dioohoL"  ^  It  may  be  volatilized  by  h^t  without 
undergaiBg  decmnpoBit^oiL'  It  has  been  aiudysed  by 
FeUetieiP  and  Dmnas^  who  found  it  composed  qf> 

•M  ;ii  carboOy  '46.51 

'  /  •  oxigen,  87.14 

i  hydrogen^  4.81 

i  nitrogen,         81.54 

In  containhig  nitrogen,  it  differs  from  most  other  vege- 
table principles,  but  in  this  respect  it  resembles  vegetable 
alkalies,  to  which  class  it  waa  at  one  time  thought  to  be- 
long, but  it  has  been  shewn  by  Robiquet,  not  to  be  pos- 
sei^lsed:  bf  alkaline  properties,  (An.  de  Ch.  et  de  Ph.  xxiv.) 

^         .  LVPULIK. 

'By  beating  and  sifting  hops,  (humulus  luptAa^)  an 
imjpalpable  yellow  powdelr  is  obtained,  in  which,  accords 
ing  to  'Br  Iv^,  the  active  property  reridefr^  -  Though 
probably  containing  a  distinct  principle,  it  is  not  to  be 
considered  pure,  tan,  wax,  re^,  and  other  substances 
ei^s^ng  in  it,  (An.  of  Ph.  N.  S.  1.) 


■.!:■    ■. 


ASPAKAOXK. 


By  evap9];ating  the  juice  of  asparagus,  Rolnquet  and 
Vji|uquelin  obtained  minute  crystals,  which,  when  purifiied, 
by  repeated  crystallizations,  became  colourless.  Cbnsi-* 
dering  it  the  principle  in  which  the  properties  of  the 
plant  reside,  they  gave  it  the  name  of  asparagtn^  When 
h^t^;^.  it  .i^dergoes  decomposition,  giving  the  odour  of 
bifraing  animal  matter,  probably,  therefore,  containing 
ni^r^^n.  ,  It  is  soluble  in'  water,  (he  solution  not  affect- 
in^  ac^d  or {fflkaiine  tests.  liisnot  precipitated  by  ace- 
tate Qfl<f^3  (An.  de  Ch.  Ivii.) 


'■■.:'  .  -.-I  ■■    ■     ■.*.■"  -I' ' 

FiFEBIN* 


Pelletier  has  found  that  black  pepper  may  be  made  to 


name  otpiperin.  It  is  obtained  by  evapomting  an  aleou 
bolic  solution  to  diyness,  washing  die  residue  with  watao^ 
tedissolvingin  warm  alcohol^  and  evaportfting^  by  which 
crystals  are  obtained.  Though  they  have  at  first  a  pun- 
gent taste,  they  lose  it  by  repeated  solutions  and  crys- 
tallizations;  so  that  l^ey  are  not  •  to*  be  considered  as 
the  active  principle  of  pepper,  (An.  de  Cb.  et  de  Ph. 
xvi)  ."'■.-■....  iji 

CotYCINTIN. 


Vauquelin  found,  that  by  evaporation  of  the  alcoholic 
solution  of  colocynth,  a  yellow  substance  was  deposited, 
which  he  considered  the  principle  peculiar  to  the  plant, 
and  therefore  gave  it  the  name  of  colycintin.  It  is  spar- 
ingly soluble  in  water,  but  easily  dissolved  by  alcol^I, 
and  alkaline  fluids.  Its  alcoholic  solution  is  iiojt.pffxi^-^ 
pitated  by  acetate  of  lead,  (Quarterly  Journ^e^,  xyhi.)  . ,, 


Olivilx. 


I  ♦   <    • .  •  I  • 


When  the  gum  of  the  olive  tree  is  dissolved  in  alcohol, 
and  the  solution  concentrated  by«evaporation,  white  needle* 
formed  crystals  are  deposited,  aiid  to  which  PelleUer  has 
given  the  name  of  divUe.  It  is  sparingly  soluble  in 
water,  Ibut  easily  dissolved  by  alcohol ;  'ac^taY^''6f  Mad 
forms  a  precipitate  when  added  ioiis  aig[uebu8  "sotiilfiili, 
(An.  of  Ph.  xu.) 

SAftCoecytL.  "'"    "• '  "  ""*•• 

Sarcocolt  is  an  exudation  from'ttiejpafn^a'Wa)coi2^ 
native  of  Ethiopia.     It  is  in  small  round  grains  W 'a  piXi' 
red  or  yellpwish  colour,  having  a  sweetish  taste,     tt  ii 
soluble  in  water  and  in  alcohol,  forming  an  adheslte  i6- 
lution.     It  is  precipitated  by  tan,  which  !s  iulRdehl  w 
distinguish  it  from  gum,  (An.  de.  Ch.  IxxiL) 

Ulmin. 
This  v^getdble  principle  was  first- diMofCredl  by  Kl^i* 
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roth,  in  an  exudation  from  a  species  o{  elm,  brought  from 
Palermo ;  and  according  to  Berzelius,  it  exists  in  many 
other  trees,  particularly  in  the  bark,  from  which  it  may 
be  prepared  by  macenaticm  in  alcohol,  and  washing  the 
insoluble  matter  first  with  cold,  and  then  with  warm 
water.  The  last  pijfntfins  ftbe  .ulmini  alopg  with  an  alka- 
line carbonate,  from  which  it  can  be  precipitated  on  the 
addition  of  an  acid.  It  is  a  dark  brown  substance,  spar- 
ingly soluble  in  water  and  in  alcohol,  but  easily  dissolv- 
ed  by  solution  of  alkaline  carbonates,  (An.  of  Ph.  1.) 

-    ^  -   ;  ■•  .1  '  .  *  ■  •        1     ■  "    "•  ■•■-■..        V         ^  .,  -^   •,    w,  -%'■;      r 


.    Ivvuat. 


T)^e  ropts  of  the  inutck  Juiemym  or  elecafnpane^  ^^,^ 
eplchicum  qyiumnafe^  of  the  anihen^is pyretkrymt^  andaomft 
others,  contain  a  peculiar  principle^  on^nally  dl^scoT^ife^ 
by  Rose  in  the  first  nam^  plant ;  and  hence  called  ttiw- 
ftn.  It  may  be  procured .  by  filtering  a  decocticm  jof  the 
roots,  and  allowing  it  to  remain  at  rest  for  spin^  tuagi^  by 
which  a  white  powder  is .  deposited.  It  is  iaapluUe  in 
cold,  but  dissolved  by  hot  water,  from  which  it  is  sq)a- 
rated  as  the  solution  cools.  With  iodine  it  gives  a  yel- 
lowish precipitate.  1%,  ia'coDTertad  to  oxalic  and  malic 
acids  by  the  action  of  nitric  acid.  Sulphuric  acid  dis- 
folv^  it  widiotit  decon^osidon,  asi  it  may  be  predtpifat- 
ed  from  the  solution  by  ammopia. .  It  is  tbrowa  *  down 
from  its  wana  watery  solution  by  tannin,  and  the  pnci- 
pitate  is  redissolved  by  water,  but  not  till  it  reaches  iA 
boiling  point.  These  properties  are  sufficient  to  distil 
guish  it  from  gum  and  from  starchy  (An*  de  Cb.  x^« 
and  Ab«  de^Ch.  et  de  Fb.  adv.) 

'  .      » '   •  ■'  •   .' 

. ». .  -  '    '     '  ■ 

•..■   ^      ......  '  ■•       ■•  •'  A'-:^  ;-jN' 

.-       ^   •  ■    .       *       ■  ■'..  '   ■■■'    >.•    .     ,..'^i>'^ 

-  .  .     .  .•■•.•,     -.■••■  .^ 
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VEGETABLE  ACIDS.- 


"     '■   "     ■«  f!f".   ^•.  ..v  -   :>•  -.-» .     .  „v'   vJ'.'''i^* 
..   .  •  ^-  /      .,     .;:.•  /•     .  ^'    :.-.■.    ^..  10.-  .Ail  "...'     1 

V  BGBTABLB  AciDs  may  be  divided  into  two  classes  ;^— 
Isiy  Those  that  exist  already  fenned  in  vegetables,  and  re- 
quire merely  the  addition  of  some  re-agent  to  separate 
^em  from  the  substances  with  Which  they  are  utxited^ 
itdy  Those  that  are  formed  by  the  diecdtnpositloii  of  vege^ 
table  matter.     To  the  former  belong 

Tartaric,        Citric,         Benzoic,        Mucic,  ' 

Oxalic,  Malic,         OalHc,       '  Kinfc,  &c. " 

To  the  latter,  -         .  r        -i 

Acetic,  Camphoric,  Snccihfc,  (cc 


i 


icGinic,  ccc.  . 


'.>   ->  rf 


AcBTie  Aen.  ^ 

,       •  .        .     ■         ■       .  ,-}  V  . 

'  When  the  product  of  th»  aoelotis  fermentaticiii  (p.lML^ 
18  subjected  to  distillation,  a  transparent  oolooriets'fluid 
ia  obtained,  -  having  s  fragrant  odour,  and  an  acid  taste» 
It  is  acetic  acid  in  a  state  of  dihition,  but  containing 
abo  vegetable  matter,  which  is  apt  to  make  it  become 
mouldy,  Wh^  dUiSkd  vinegar^  as  this  fluid  is  called^ 
is  exposed  to  cold,  the;  acid  raay^  be  obtaioed^'in  a 
greater  state  of  concentration,  but  by  no  means  so  much 
so  as  that  got  from  other  sources ;  hence  other  methods 
are  followed,  by  which  it  is  procured  concentrated,  and 
with  much  less  trouble.  These  will  be  mentioned,  after 
having  described  the  properties  of  its  compounds. 

Acetic  acid  is  a  transparent  colourless  fluid,  having  a 
strong  acid  taste,  and  a  pungent  odour.  When  applied 
to  the  skin  for  some  time,  it  acts  as  a  blister.    When  ex« 
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posed  to  ccdd,.  it  fr^eaea;  but  tht  poiQt  Ql.cotfgfif^ion 
varies  according  to  1(8  strength.       ,   ,  i.y*r.    xj  ^.^    ^ 

.  ,,  The.  ^troQg  acid  congeals  at  about  889  foro^bgcijis^ll^ 
vrhicb  liquefy  at  4a  Yfhen  of  sp.  gr.  1063^  i^.beomap 
solid  at  ^5,  and  remains  so  .even  at  70.  -  i.^ 

c ,  Thj0  speoi6c  gravity  of  this  acid  is  fM>t,  howevers .  ^ 
Ijprpof  of  its  strength^  because,  during  the  diff^^t  ftWr 
o€»ses  followed  for  obtainii^  it,  part  of  it  is  decompose^ 
and  ^ves  rise  to  the  fonnccion  of  other  prioduots*  The 
only  means  of  ascertaioiing  its  strength,  is  by  finding  th^ 
q^antity  of  alkdi  pfcessi^y  for  its  saturation* 

When  acetic  acid  is  exposed  to  the  air^  ft,  jgf9A^^% 
evaporates ;  but,  if  the  temperature  be  ft  little  elevated, 
the  evaporation  goes  on  quickly.  If  the  heat  be  high  it 
iaj.infl^medsi.andf  diguing  its  combustiop>  it  genojO^tes 
water  and  carbonic  acid.  .    t:    :i  jr.  .1 

>;r>Wbep  p^iqpad'  thrpagbjincaodastpeat  tub^,  itk  A^PMn- 
poaedi  and  it  is.donver:ted  alsp^uto  ,the  .,HfHia]t*i  j)i:QAii^ 
of  vegetable^  fiiatter,,wb^n  heated  j?ith  chj|^ate^oC.potM% 
QfgA  with  oxid  of  09pper^  «a  i|i  the  experiments  iPfiQii^ 
Xiussaoanfi  Thenard»  and  of  BerzeliMS»  madenithvthe 
view  of  finding  the  proportions  of  its  .ingredi^otts.:  Ato 
the  Mid>  itself  contains  water,  the  only  way  to  arriise  aft 
its  composition,  is  to  decompose  one  of  its  salts,  liad  from 
which  the  water  can  be  easily  expeUed*^..  TheiiTMllltirv^l 
the  analyses  are :  ..<,:.    .0    ^  - 

carbon,      SO.S^,,  4i6.83   ,1       4  atoms 

i>ii^ .mgm,     4iWT        .  4(6,82   ,  , . ,  3  afpf^s,  . .,, 
hydrogen,   5.629  6.S6  ft  aUm^^  %,..  ., 

^4  ^!^:^f>  Atomic  weight  k62i^.  •  .  --  .,  .,.  ..^ 
^.{jj^tic  acid  has  a  strong  attracti^  for.  T9^t^.^Pf^ 
^lijbhdt  unites,,. and,  during  its  union,  evQlvBa-cajpB% 
Tj'jie  f^  ;gr.  of  the  fliiid  varies  according ,  to  its;  ^mt^j^^ 
dilution  1;  bujt  its  strength  cannot  be,fs<^t|4ne^  iQ-:(hi% 
^y>  the  density  l^y  no  meanf^.  depending.qn  .^  jquafMJtjp^ 
of^^¥{ateir«-*-In  the  Appendix  is  given  a  table^4^-||^§;m*: 
portions  of  acid  and  water,  in  fluids  of  diffi|reat.gKlivitj[,,: 
Afptif^acid  m^tes.with  the  salifiable  tni^sqib  J^:lin^ 
salts  called  acetates. 
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'  A6eM&  of  poiasittH  tarvAetlj  cOS^^tuMie  idlt^-lr^g4' 
nerated  tartar,  and  JblifUed-eAfih  pf  mHki^i  is'iilhiAliTin 
ioft  foliated  btystliHitte  pieces,  htfting*  a '^hsirp  tastl^^nd 
'«3ttremely  dethjueseent,  becbmifig  Add  by  exIfik^suTe  to 
.air  for  a  very  short  time.     Wlien  heated  strongly  in  dose 
/retsels)  it  it  decomposed,  Carburetied'  hydrogen^  car- 
bonic acid;  and  an  acidulous  fluid,  come  off,  leaving 
-^haiwal  and  carbonate  of  potash.     It  ib  soluble  in  about 
*ith'Own  weight  of  water  at  60^>  and  yields  a  transpiarent 
tolution,  but  which  becomes  mocrMy  by  keeping. 

According  to  the  exparimentB  of  Wenael^  the  dry  salt 
in  eompoied  of 

'  '  add,        49i86         1  atom,  ' 

p6tassa,  60.15  Ifttom.' 

.^  -'Dr  Thomson  found  the  cxystallized  salt  to  ebntain 
1  atom  of  salt,  and  %  of  water. 

'  '  'Acetate  of  potass  is  always  obtained  by  ^e  addition 
of  8ub-carbonate  of  potass  to  distilled  vinegar,  or  pyrolig* 
-•eous  acid,  evaporating  the  solution,  exposing  Ihe^  resi- 
4««  to  heat  \jo  melt  it,  again  dissdiviMg  and  evapofatiog. 

v'AtHaU  tjf^oda  is  similar,  in  most  of*  its  properties^  to 
the  preceding,  and  is  {irepared  in  the  tamo  waj^  *  It  is 
not  deliquescent.  When  heated  it  undergoesdaedmpo- 
rftion,  the  acid  giving  off  the  slune  products  'at  those 
from  acetate  of  potass. 

•   It  is  a  compound  of  .  :  .. 

acid,'    61  or  1  atorii,  • 
soda,    89      1  aticmi ; 
and  in  its  crystallized  state  it  contttns  1  atom  of  sdit,  and 
0  of  waters  - 

Acetate  of  amnoma,  prepared  in  a  siitaitaf  manner,  hfts 
beite  long-known  by  the  nanle  of  apirSt-vfrnindererusj 
miki  ia  Used-  largely  in  medicine  as  a  diaphoretic.  It  has 
tfaweetish  bitter -tast^;  is  deliquescent,  and  soluble  ill 
iNBU.-  It  diCbrafrom  the  preceding  acetates,  in  being 
elflQy'  volatilized  by  he«t,  and  condensing  unchanged  in 
iCi|ropertie8.  The  crystals  eonnist  of  1  atom  add,  1  of 
biMh'^AdTofwat^. 

v-UlMtio^acid  imitcfiHtli  iht  ettrthB^-Had-^fanM-iaits, 
VOL.  n.  p  '         '  ' 
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coteriug.  slieets  of  popper  with  the  Jbuslu^  of  i^rap^ 
H^bif^^nftar.tb^juioeh^b^enexpres^,  ))^ve  1;^iia1^ 
lowed  to  run  into  the  acetous  fermentation,  ^kftj^i^rfe- 
muniog  for  some  days  «3i;oluded  frpfn  i^ir^  th^  mij^tux^  is 
illoi9lm^»  md  the  copper,  gri^du^Uy  becoipes  coyered 
yniKh  a,€ru$t,  which)  when  scr^iped  ^p  is,  dried  hj .  I^^Pft: 
si^, to.  sunshiny* 

MfVerdigrisy  as.tbps  prqf^ared,  is  qf  a  greenish  Crplqur, 
i|[^ich  a  fiUght  tinge  of  blu^.  It  is  partly  spluble  in,wat|^r» 
<l!rJ0g  to  ta  chaqgi^  it  undergoes,  aad  by  which  it  is  cpp;* 
vtMtted  mto  itwo  salti^  a  ^ublf  i^Mipar-acetatei  aod  a  i^i^H 
acetate,  deposited  in  the  form  of  a  gir^ctpi^h  pq,w;<^*  ,y  ^ 

^Ph«  N.  &  j^O  4Bd  Qeri^ns^  pf ,       ..i  ,     l;.i.(j.»vi     i 
tei  ,      acetic  acid,  28.3©,  1  ^t(W,,  <»< ♦  m  j i 

,Jm  ;       peroxid copper,.    4S^»  . j.  .  >  >  X  ^iPt-cui  r.u*  / \ 
.00.  •     water^:.       -    .    .  «S.*g».u. .  ,..^.ftP»Pv..,(.'...u  yn 
The  above  is  the  cop8^p«itifm,^pt.ibe  ^ry^^^e^  aflfh 
tale;  but  that  of  comqaerce  contains  pnlyj4^ov^^;^ji^i^ 
omloof  water,  aodia  gen^jcid  frpsi  Ji  tp,2jpe^.ja^ntit.9l!  imr 

.£.-Wjbini  acetate  .of  cc^p^  is.difl^Qlv^  ^  (t^^^a^ids  Jt 
IB  converted  into  a  bin^-aceiatef  composed  of  . ,  ^ .     .  ^ , 

-lorn.  ..-acid,   .  ..-»,.,.    .2,^tQ]|[pf».....    ■.  .  ..,::;.^./-. 

oxid,        -        1  atofs,^.    v^vsi    j<:  ^    iiu^ 
'M*  water,..'. -:.,  ,^  atoms.;,,. .,,(,, _,m:)»/, 

IftiiBitDkible  iaii^atcoTt  ^nd  crystalU|se«  .^i  (^Jiqms.^hqpj^ 
UbifHrioaa, .  It  haa  a  disagreeaUe  ai^talMc  ta^  apfi  ac^ 
at  a  poison.  When  exposied  to  h/^at»  |t  is  decf^n^pof^df 
•ndiaeetioaciiiisdiiiengi^ed.  ■  ,     ,     ^  n.  i^-  .k 

VSui^aceUi^  of  copper  is  prepared  \>y  w^s^ipg.  yff^igo^ 
]9epQattedJy#  lAiU  the  water  comes  off  colourjl^Ms.  It  is  a 
greeo^sb.povdeiv  composed  of  1  atom  acidf  jxid  d  atoms 

f^h^ x9icfMt^h^0t  fioppw  are  uM|di(MjdyaB,  .apd^tl^^ 
employed  also  in  medicine,  as  escharotics.     Thty.y^ 
ywnri^f(lnriLal30^decompp$ed>  with,  the  yiew  q(  pregaffBg 
aof^ta^d*'.  ,  .•   Mj*f..'M/o  i>j. 

I  iSA$0ti9k§  qf;  le€id. .  Aoftti<?  acid  acts  slowly  oa  lf«d^  £r8t 

p2 


p(Mio4l[  have  hew  observed^  m  acetate  |ip4  ^^ftvfu^t^  ;^. 
t  U(cir^4K^  ofiMi  long  knowa^  by  tb^  wyie^fjif ,  ^irocfJI^^ 
iS'o^rm)  qr  mugarsof  kadf^  is  fonmBcLl;)^  ^is^^W.^^n&f 
bonale  *  ila  acetic  acad-  J^ot  ^hiff  pufpo^,  ,thip^«h^tt,Q| 
lead  are  partly  ammcarsed'^  ^^^aCs  'kept,|at  .^, af^glj^j^j^ 
^iieyatjed  temperature)  by  wbicb  tbe  viqpcHi^  i%  gin^pi^j^ 
decomposed,  giving  rise  to  the  formation  ^^^ji^^^ 
lej^daod  eai^^mio  iacid,  |ki  that  the  upper  ^gpiti^Q^'^^ 
na^Hal  is»  ultuBate}y':jOO¥ered  wUh  carbonatet.  ,v^)^ff^^^ 
ll)do||i^it  is^iamierqiedlii  the  viiie^,  >tW>.  tl|fi/^(fqiit , j}^y>^ 
fa$^jex|)iQ6edt,  nr^chr  iu  its  turn,  a^iiii^^^f  i^^^IOn^ 
ewbonate^  .wbilertimt  in  the  fluid  ^  di^i^i;^ 
wayii<  by  -sidiiii^iiig .  tbe  lead  t^  the  ai;l»flffVf'^|K|^^  fj^ 
tberapdwaWi^f  jthe,|i(c^  Jtsel^^t  i»,^ffiSi4i^^ 
Tei^  4o  a^cetale.  ^  The  acdjutioiit  al^r^ltitati^);;^^ 
madetoryielderystalti  but  the  saU  u  ,gex)^ra||j^,0^^^^ 
ed  In  the.  Ipiva  of.  a  crystaUine  mas%  resemUiug.  l^af  f^iig^ 
in  its  appearance.  ,., , ,,.  ^,  .^^  ^ ^^,1, 

;^ Aeetitf e^Jead  is  fi<4u^;^/9^t^^dP^f^/P$r ?^^  ^ 
butiit  fc  nfjpessai^-tc>  u/l^  it  di$tiU^ffl|th^ryise  ^^^^  }f^% 

linUs  always  existipg  ia  comiaoa  watei^r  Sbpul^^f;^ 
waJbeteiber*  employ^ r. tbe  tp!fuisparenc9.^.ei|f%j^| 

by  the  addiliqtt:rfra»fe^rdrDps  of  acetiftAqd^^oPv^^^^ 
ticlti.^is^  de^mposed^  by  thosfi  a^ds^  whic^^i^^^o^^l^th 

tbeiofiiidrjiiiQliiUecConipoupdaf!  ay  sulphuric,  ^gli^ff^f^^f^np^ 

and  'tjiurktic^  ^wad  1>y  sulphates^  phoy hatp^  .^ri« ffif^ 

«iid«iii^oM(^r^  TbedeooBppodtioBby  sulpl^qpfai^M 

important,  as  affording  a  meam  of  jpr^pariqg  9/^ifti^f^i^ 

^.(lAdetaterAf  ]ieadisr«ampii3edo|r^,.,,3        »  j^p  ^ti^>A 

'  ..    /.    jiAtie-acid,       ■■•-  .86.97  -^  ^    l^fPPt '  -i^et^^ 

.'fMk>.  \yleUcmpwdi    :>    .58.71:  »x,  •-^-4^o%;t^.orJr^oo 

water,  -         14u82i ,,,,,  ,.%^t<^||i8.,  j,,^^  ^j, 

Xtrislufedli^i^y  by  dyors  and  caUpPtpii^tqi^^^jgre- 

pitratipii  )dS  some  of  their  mordaoti^ .  as  ac^i^,9|^  al^^pifqfy 

(tef  p.jS8&)'     It  is  employed  /alfpqin  i^fdiyy f  fff%?!Hf 

astfiiigent  wash.   ,..  -  »•  ;.         ^i^r   ..ttojof   r  <^tr» 

StA-acetiUe  ot  lead  is  prepared  by  boiling  100  of  ace- 


A 
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Wieidth  ISOof  litharge,  reduced  to  finepDwder,  by  whibfa' 
a  trttnsparetit  colourless  solution'  is  forttied^  well  kiidwtti 
ff  Ae  name  of  Gtndards  JSstraet.  Bf  evalpcaraticMr  t«tbii* 
Ur  er^i^  may  be  obtained.  U  his  a  kss  sw^eet  tael0y- 
^d  n  not'iio  soltiMe:  as  the  'acetate^  Its  solution  id 
decomposed  by. gum,  and  heoc^  It  ia  employed  aft  a 
<^^'  this  vegetable  prindj[ile,i(p.  1651)''  It  ednsasis  <lf 
i-^lji(ym  lof  lu^id  tod  9  of  oxid;  r.  ,  .      -. 

'^^Aceiaittf  jdhc .  is  employ^  as  ^  ifAld  aslrtiigeBt  w4id^< 
IMP iirtHdf^fore  a  pharmabeinibd  pr^epar^tkNl.  ><lc  ifi^fno*^ 
<Wid'by  dissohing  8  parts  of  i^txgect  of  tead, '  aod'4ol 
ituljOiatedf  ieinc,  eadi  in  5B40  of  water^^  Ad  aillch^  the««^ 
t^'yhich  sulphftteof  k«id  ift  preci{dtfeit^ii  and^^ittMiteta 
}g  ^e'held  in  solution,  and  is  proeui^d  liyi.'filtrartfoB^''  ^< 
'"'Acetic  acid  acts  on  several  of  the  Viegetdble  priqeipleiJ 
If , dissolves  gluten,  the  volatile  dili^^  temphor^  rerinSy  litid 
resins,  without  decomposHi^  th^ ;  foir^  oo  the^adi 
of  an  alkalT,''the^''are<  pMdjSUt^  VHidkai^ed  lii' 
their  properties.  .  t  %..  \.^.  .    v 

•  '*A6^ic  acid  acts  With  alccdH^^^  Md  gette!^at0B  kd  el9i&- 
^  fiuid.    It  is  prepared  by  th^  distiUiitioa' of  eqlial 
tinof  'acid  imd  qtirit,   itetimling  <lle^od»et^fii|td 
'^^ort,  and  repeating  the'  distiUation  fdi|#  at  M 
ifeg;  ddding  a  little  cAfbcMte^f^attidi^  iti  tbe^last  disK 
tflUtion,  to  prevent  any  add  ftom  domiag  ofl^^  ■»-      t  //^ 

'  JceHc  ether  has  a  pleasant  odooi^;  itsiipi  gr;  ia^866'; 
Mboffing  point  IS.  It  burns  nith  a  yellowibli  flame, 
a^d 'yields  acetic  acid  duriqg  the  combustion,  though  this 
eanlibt  be  detiecited  in  the  ether  itself.     Water  dmalVea 


aikiut  liTth  dfitHHsf  eight  of  it. 


li'i.      V^     ..        .'     •,/., 


(• 


Acetic  acid  is  generally  obCidtied  from  idmd  ift  "the 
acetateSf  'Th^  different  methods  of  ^ec^tkig  the  de- 
i9ompositicttf  sife  followed.  1^^,  By  heat ;  ftdj  by  sulphu- 
lic  acid ;  '8^  bjpa  sulphate. 

^^id^kcritUde'df  ^  e^^  ia  easily  decJomponed  by  heat; 
aSiU'^U' therdbre  usually  emj^oyed  for  yielding:- th^ 
lidd&  ibSi  way.  For  this  purpose,  any  quantity  ia  put 
into  a  retort,  and  a  slight  heat  applied)  the  vapoufr 


d 


aSO  VEG^TABIiE  a61DS. 

being  condeii^  in  a  receiver.  Whsit  c6m<Mi  o^et  Ithtf 
being  impurei  must  be  rejected ;  thte  remttindeir  bal&r  a 
strong  pungent  tast^,  bi!it  a  slight  greenisb  cblbur^  owin]^ 
to*  the  pres^ce  of  Impurities,  &6m  which  itf'inttjr'be 
freed  by  cautious  re-distillation.  The  prbdtdct-  tf  bf 
sp.  gr.  from  1056  to  1080,  the  lightest  being  obtaMidi 
towards  the  end  of  the  process.  If  in  the  prepaltfttioifirtf 
the  acid  in  this  way,  diiferent  receivers*  be  einjdoyed",  'iib 
as  to  collect  the  pTodiiet  iat  the  different  stJEigesf  of  the 
process,  that  last  obtained,  and  which  is  6f  light  sp^tite 
gravity,  is  found' to  contain  little  acid.  By  the  addftioa 
ofpthLBsSif  and  re-distillatioti,  it  yields,  aixxrriing  til  1^ 
^8neV;  (An:  de  Ch.  Ixiii.)  an  etherial  flui*,  to  i^Wch  Ife 
has  given  the  liamie  of  liydro^ceticetHtry  aiid  ^iieh  Setois 
to  be  formedf  by  the  de66mpositioh  of  the  dcid.      '   ;* 

Hf/droMcetic  ether  inay  also  be  prdiiirdd  frcytfi'  6fher 
acetates,  as  (hat  of  lead.  It  is  volatile  ar/d  6Diiibu$- 
itbte.  tt  is  dissolved  by  water,'  alcohol,  and  611,  both 
essential  and  unctuous.  Its  sp.  gr.  according  t&'  Mab^ 
ttHre  and  Mafcet,  is  only  786.     Its  boiling  point  itWi. 

Since  this  etherial  fluid  is  bo  easily  generated  by  (he 
distiUfittlon  of  acetates,  it  is  evident^  that  to  ^t  a  strMig 
acetic  acid,  the  first  and  lasft  portions  of  the  pW)dYict  of 
iKe  dist^lation  ought  tb  be  rejectfefl. 

Acetic  acid  may  also  be  procured  by  the  de^iAp6si- 
tion  of  an  acetate  by  sulphuric  acid.  Acetate  of  lead,  of 
potass,  or  of  soda,  is  coifnmonly  employed.  The  alkaline 
acetates  with  a  half,  or  the  metallic  one  with  a  fourth 
of  its  weight  of  sulpburi^  acid,  is  placed  in  a' tMoiri,*  and 
distilled  by  a  slight  heat  till  it  ceases  tb  gIVe  off  va^Mydr. 
Acetate  tif  soda  6r  potass  i^  easily  pri?pared  fbr'tHls  pur- 
pose, by  mixing  sulphate  of  soda'and  acetate  of  fekd;' fil- 
tering and  evaporating  to  dryness.  The  acid  bbtiMeld 
by  these  processes,  contains  a  little  sulphtttou^  acid,'Min 
which  it  is  freed,  by  re-distillation  from  blade  crtid  of 
manganese,  or  from  acetate  df  lead.  ''  ' 

Lastly,  acetate  of  Idad  may  be  decomposed  by  snTphate 
of  iron,  \t'hich  is  the  process  given  in  the  Edinburgh 


PlMnoaoopaeia,  idthrthe  view,  of  prqwEtng  ^  acidtm 
Mf^cmmjbrte^  One  pound  of  dried  sulphnte  !>  i^s4 
KiMi.  ten  -punces  of  aceUte,  andidiatjUe^  bjb^at'i^v- 
tiouelj; a^icd.  ,  Ia.tbts  imuncc,  t^«sulpburi^  oci^  and 
widof-lead  unite,  while  .the  Metic  scid*  owitlg  to  tli« 
heal:, -is  prevented  ixoni  uniting  with  the  irop,,, it  there. 
pft&  comes  ovcE  in  vapour ;  but  as  UiUB  procuredi^U.u  U^ 
np  owaaa-so.  strong  as  that  {wepar^  b;  ^  9^^  P^ 
ffwai,  and  it  has  alio  a  disagreeably.  elopytf!|Uniatic  odour, 
tfmn  which  it  is  difficult  to  free  it.  .  ,    ' 

,,:Tli«  acid  obtained  bj  .the  tiro  first  processes,  maybe 
mv^fied  bj  repeated,  distiUa^ioD,  and  by  subjecting  the 
j^p^wt  to  cidd  so  as  to  congeal  it.  The  solid  matter, 
fl^D  Irtod  by  strajning  from  the  unconBolidatcd  parlj, 
and  melted^  contuos  about  80.  per  cent,  of  real  acid. 

,  Acetic  add  is  nov  jHiociiied  in  great  abundance,  .in  a 
Kate  of  dilutioM,  howerer*  by  the  distiUation  of  wood, 
.ItYpa  vbich  it  comes  jover  tnixed  with  tar,  and  is  purified 
lt}r|i«peated  distiUatiflns^.  an^  iiUration  through  animal 
diavcval.  It  is  in  this,  stat^-  and  under  the  name  otp^- 
nUgmepu*  acidp  that  .^t  is  now  employed  in  the  prepara- 
tka  of  the  difiei;ent  aoeUtes  i^sed  in  the  arts,  ^  1,6&} 
,Tbe  strong  acid  is  employed  chiedy  fis  an  sronatic,  being 
nixed  with  dl  of  doves  and  oamphor.  It  is.jj^  abo 
M^Va  QBcbarptic,  particularly  for  removiog^arts. .    '. 

Tabt,au<;.Acid.   ,■  ,  ..  ij..,, 

The.iabstanoe  deposited  from  wine,  called.  Airiar,^  lias 
been  long  known  to  contain  a  peculiar  acid^  ii^,m^d 
with  ppta^sa,  which  was  formerly  caSed  tatiarmu^  but 
Qow  tartaric  add.  Scheelc  first  pelted  out  Uie  me- 
diod  of  obtaining  It  pure,  by  the  deoonpodtion  M 
tartar  by  means  of  lime.  For  this  purpose  the  tarfap 
is  dissolved  in  water,  and  to  the  soliiCioa,  after 
filtration,  carbonate  of  lime  is  added,  till  it  eeasra 
to  redden  litmus,  by  which  the  lime  is  de[X)f!ted 
in  union  with  the  excess  of  acid  existing  in  the  tartar. 


half  its  weight  of  oil  of  vitriol,  by  which  sulphab^i^ 
^dl&%  ^driii^cr,'  iriAd^ni^iilric  iiod  sec  nl:  lifacs^.;.  mA  ^ 
the  former  is  sparingly  8olidi>le, 'tfas.  latlitris/iprp^ll^- 
^>by  ^trlitioil,  >atid  hy*  evaposation  mftjrr.beL^fibtidl^ 
iil^  cr^tiik.  VIVv  figoertain  if  it  is:  firBetir0iA:.tulFfett' 
ric  acid,  add  to  its  solution  that  of  acetsfiftoC  kftdiijl^ 
%hkihi « ithftd  precipitate  is  formecL  .Xfvtlps.ia  lUltitely 
soluble  to  Yiilfe^  ami,  it  is^^ure  .Urtrateoaf  iimea.  Imrtiif 
^iilt>i^%  Boltibie^  it  is  airaioLtiiure^ofivtartxaUiMd  :M1-. 
^Ite,  ftb#i¥tagi^  aoM  k;  aontanuBtttad  ,^tkb!^tiU 

"ilAditieikd^ quantity  of  tartrate. of  >iineyibyr,«fb^<^ith^ 
^^sHl^'ibirf '  crtd^hmioi  ^aeidf  will  eaasiAm  and  iibttP.  Im9fi 

i^^FUe^t^ryrndd  (>f  iQutaric  aoid  wry  &  fonriTmDnrdiafrfr 
^^Aode^tf  l^r^paratkw  •  Whe»  bcaDed  tocdboul  8aS4iey: 
-ftidr,«fad%t  ftSO  'begifito'bbil^nd  pHs  off  inrapouR.  <>WjhtfP 
^^Ib^'takp^eiNilior^  iir'Uigh^  .th^iinderga  deeompoMtiflQiLj^ 
^UBiA^'^M  ^)«|Mo4a9ita^  oDpdwwd 

^lii  tklPraodtt^t  caorbtmetted  hydrogen  A<d  cariipmAil^ 
^giiM  tot^^iaitlgagwl^  'imdvjcariwin  .rmminii  >  in  tbe  iMffff* 
i^imftiitf^Mid,ttfaim^r^  aontaiiia.  the  untal:  i9gy«4i(Bii|< 
-l^t^mible  mattery  i '  Tbei  eaperimenla  /of  i  Beiiii^lj^^ 
-4N[  (!r#«^iifi«fafiRth>ihe  wi0w,a£  .^uHiertiiiiwgit^e;^!^^ 
^tiMl^iMkyf&ariy  agred*.   The  results  are,. i^j  nl  b^-oif 

9ira(fi»te>ftifGtm^98/       81.42        4  atpws  =F=f,9^.W„v^ 
iBri^yxihoggn,^  .A7*.      .  2r76,    ,  ?.  do-,,if=.ii?iP^n.? 

o>AzM*fi»'/.  .f      ..'.M  .       •'.     ..  .     ».,■■■,   oifl^.  i^r-.f^M,  ^,i  • 
The  cryi^aUizediadid.  seeix^s  co^pq^^Qf.  a^^^fpm^iof 
a|i^f»4.QlcffAt€r-,.    ./,  .,     ,,.  .  ^  ..,.,nu.v.q.i-: 

•rttofeftMp^flft^  ja,thicjt>^  cpnsis^ence,|Ci«^..t^^Joriped, 


tiTjyRliBLA'XBSl.).^/  m 


^'  T«M«rie  iaoidiunitsAiTOth  ^batss,  laod .  fefi»st|tei^^lfa^ 
iiMi^4i^iiai^«lBo  Jtha  property  Qfirferaw^Ttriple^cosip^iii^ 
^th^lha  alkal]CB>andrnielalii«i0Oiid8»    /^   ^^  >  |t>:     i.r)^^^  j[t 
)C^  IitiR|ira<f#  afPaUum.  .  Tbtroi  are .  tiror  gaii^p(^9d«r{^ 
^iiMaric  add 4md  potass^  a  liactrate  a»d^1ii4Artvate,[(hi{o^ 
i^!Bhim:irmi9i  \  oommoalf /callad  Mp^Mbdwrlrw^^  m4{^!)^mi^ 
^fimiOTy.  haalxanjloag  Jcncnnk  «itarilittUMit4!aU*.9)lt(^' 
firoiiared  fromKcuader  tartasibj^aidiila^i'  fil6]|Biti<9liif4Kp^ 
^jibMCioni  ibyjiriiiichicivf atabt  unfty  bfttpm^Hldi^  n^ftft^ 
^lajMUliHiiog  th&eyapobadoiivJl  bi8iqmraiMi^&i^t)|(9i/Qfl9^ 
powder,  which  during  the  ebuUitioatifitiAg  Mn|lp#t  9Wf^ 
cfiiaa^iaakimmedc^  and  hanfiCDtlieililiia  mmMt^Mt^-"^ 
y^  tt.  baa  4t;4K)Qr:idiougk.ilQA^  ua|iltafai|tTit^^t>o!^<bfiP^ 
^heated  it  uodei^goes^isifplcMidtMmiiPflittaH^iil^ 
'i^rted.  to.oatboitalrjof  ipataas^iinict^wiitbffjbl^ 

>4l^4h«  aama^iaief  jolefiaoti  gaacaiidjmtM^4id 
^^Atseagaged..^   AH  cf^^ikidae^  icMep*  tbei  palataa«^7«:if|t  tl|e 
iMdueta  of .  theidacGDqnlniiD^iaf  jdMuMid^iAh^ddofiift 
>|^M|igj  fanned  bf  theinuoa  g£c|^d9f.il»«ldi0n[Jl^ 
'tQMtoageii^^  iheiaoidulouat'fliiid^ih)^  tha:csndiioMioil^4ir- 

duced  by  the  carbob^iraitiiig  witbio^igeiiB^hraDQftidmi^f 
this  process  isreommonly  called  bkuhsjhix,  being  muck 
employ'.ed  in  chemical  analysis.  Ati^tftentaiaA^ribonate 
ofpi^'^s,  the  decomposition  consdhites  the'piS^bltts  fov 
prociiHng  the  corionoj  poiassce  jM<W»miM#^^'4ft«t*Phar- 
maipdpceta,  and  which  consists  merely  iff  burning  cream; 
of  Viii^  in  a  ladle,  till  it  ceases  to  gW^  off  fumes,  dis^ 

^'idtvitig'Aie  t^sidtte,  filtering  and  evaporating  to  cbyn^ 
by  which  a  white  pulverulent  salt  is  obtained,  andli^ilce 

^tbfe'tiitofe Wi^  offofiari  frequently  given  to  ftc '  —  ^       i 

Super-tartrate  of  potass  is  sparingly  soluble,  tequirii^* 

Ablit'60  6f  cold,  tod  30  of  bbiHng  water  foditkioUe  iUi 

^Jbb;  i)luiiorf  has  a  wut  twte,  and  reddeM  TegeUMa 

blues. 


^ 
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posed  of  if  atom  bf  tartrate  of  ^otaiaB^  and  1  of  laM^atc 
l>f  soda,  or  Mr  to  46;  .u".   .■-■';•  v.>,v,.:ai'jrj 

Tartaric  acid  mutes  with  tbe  eaitha  ;  the  onljf  aall'idr 
any  consequence  ia  -        -u)       i  '.-f^r'^)  -•;'  iHt-'^ 

Tartrate  of  Iknei  as  from  it  tartaric  aokt  is  pcooofed. 
It  is  fenned  as  already  described^  (p.  SSI.)' iby  the jiddt- 
ticm  of  carbonate  of  Hme  tA  auper-tarttatie  of  potass.  It 
is  sparingly  dissolved  by  water,  but  an  excess  of  acid 
renders  it  more  soluble.  It  is  corapaasd^f  1  lUxHn  Adk^ 
1  atom  Ume,  4  atomsf:  water. 

.  Tartaric  acid  acts  on  some  ^ttbe  metaby  mAtibn^i6ins 
and  mercury.  The  alkaUna. tartrates  liauseprtcapkallaiii 
vitknmeof  the  metallie  satts^r  as  with  thoaeof.igbldy 
platimun,  silvery  &c.  -     ^^  '  .    ■    u    -i; 

The  only  compound  of  any  interest,  containing  m 
cJaadof  the  ccsnimm  metals,  iaiibat  wUhtant^taony^.and 
which,  besides  tartaric  acid  and  oxid  of  anliDiwg^  coi^ 
tains  also  potass,  so  that.it  iaa  tidpileaalt.    ri^inv  *>•  ••  .vi\ 

Tartraie  of  antimonff  and  foUt90^  Jong  knownf  by?  the 
name  of  tartar  ^m^^.— -VarilHia  protesses  ba/v^  h^mMfk- 
wnmended  foe  piioeuring  thia.salLi  .They  all, MMit.«if 
two  parts:  \st,  procuring  an  oxid  of  antimoay;  %ii  oaui- 
Ing  this  oxid  to  unite  with  the  fKid^and.  potaan^  The 
methods  of  preparing  tbe  -oxid  .hare,  beeni  akesdy  /de^ 
eeribed,  (p.  64.  &  68.)  . The  secoiid  part.o£  the .pnoeetfs^is 
4ie  saide  in  all  the  phenoacopmiaa.  It  eansiata  msfKiy 
in  boiling  the^  oxid  along  with  siipeE4art!fate  «f.  (pptai9» 
the  exoess  of  aeid  of  which  iaaeutralixec^  and  thus  the 
triple  salt  is  formed.  Being  soluble^  it  ia  taken  up  by  the 
water  and  deposited  when  the. solutieci. cools  itt.the.fi>rm 
of  tmnsparent  colourless  teitrahedoal  cry  stalsi    ...     . 

In  the  preparation  of  tartar  emetic,  the  Edinburgh  CoL* 
lege  uses  the  ojdd  prepared  by  deflagrating  the  aulphujstt 
with  nitre;  the  London  orders  the  oxid  procured  by 
feasting  the  sulphuret ;  and  the  Dublin^  the  precipitate 
from  the  muriate  by  theaffWsionof  W4iter,whi6h,wheadmd4 
Mtk  else  oxid.  The  last  is  by  fi|r  the  best  {»ocesSt  aa  noil 
imly  least  troubksi^me,  but  affcHding.  the  sidt  freest^ftom 
impuritiesy  for  in  the  other  ways  of  preparing  the  oxid, 
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tfaci^ixM  Httidl  Utte  tlwmfB  eziitfaig  bt  ^irnlplMkei^ 
4IM>lred  by  tbe  tartarie  aiid,  and  iM<i^^tea'dkfiS% 
4ll«i«tyflldli8a«SoB^  wherett  the  ImtHBollfail  iierifi'fiiiGi^ 
l^tkted  bjrthe  DuMin  {mjcess,  is  f^fton'imptlrift&k'-: 
^''TarrtHrte  6f  aotiiiiony  and  potenb  deDsnpeMd  hfiM. 
It  is  soluble  in' about  i4of  odd,  and  in-ftdf  boffiil 
water ;  but  it  is  difficult  to  keep  it  in  solution ;  it  Teij 
aocm  becomes  mouldy  ^aa  the.  decomposition  of  the 
acid ;  and  hence  the  orders  given  in  the  pharmaoc^KEia 
fttt»^llllfii%  k  disac^ad  in  wine^  (■Btiniamal'>%in^)' ia 

4riMiaiinM«jpbe  kqpt  without  uada^B^^ 
3lMtswitat«f  solutiMi  ia  deoomposedLbif 

adiidi  AuW^down  an  orange^^Qkmred 

the  ^nzidy'^aaid  by  iunniania,  which  prampitttte  tbef  ^ottld 

;  bAMKi»l^>M  <rhtaa4oii,  (Firer  nr.>' tartar.  tkuStk 

teiiario'«(idi^  >/<'-^«t4tia'*y^'-. -'i  ••^^-<-  'fc'S"**^*i'^*.'Li°A 
potessa:r.  .   -     .1    dka  4  ^  >^WfJeroCpq^i§74$ 

^aoiotsdaulhma^Sr.da  k)  =  ^^'f  ^^  W^?P7'  i^^ 

williJidnak  thraiialysiMfi$9iimp^(Aiw  «i  Ph-iici)  #ai^ 

.suAMordiDf  to.tkaHfomeiV^tlfaiGrystida  eoatidii  lUNMatf 
aalt^aadiS  of  water ; .  but  jaoeording  to  the  latter,  X  td  A'^ 
isju/BuiCBate  of 'jmtiiiHaiyvnd  potasa  ia^aipkyed.ia  aiadi^ 
oine  as  an  wnwticand  diaphoreti<v  foot  bothiof  wbicli^Htfi^ 
iprtead^  irjoalLf  Adiqited. . 

ddlTiMarjp^taGiftds'useditffaiefly.by  caiicouprintea^iA^tka 
priiparafioaao£iaoineQ£:4lMBrTOordant8u  Jt  dt  l«ifkp{fld 
tfyTiiUiiairtij>{prmoipally  as  ateat^oEpatassa./i  .'^  i>-  iaio^ 
'iidt  Jtos  bean  toentioned^-.-  ^.^9.)  thai  mhMmmfs» 
iailnalU  a£ipotas8jia.eixpased  to  jieat  iita^aatoi^^  >n  miia' 
lOf^vflilDd  ia»(g{mi  o^  joidia  johiia  eryataliina  wmMtimU 
deposited  on  the  neck  of  the  veiseL  .XM%».wakh)llhf 
fcod^-iikiiitfains  a.paenUar -add^calkdjiyra^Cdridrii^iaddc^ 
■My  ba:  proaared.  frooa;  the  latter  by  a(fapQra^on««.>oit 
baa  a  soutitasta,  and  may  be.  safaMmed  without 
gaiajn  rimiHuiuuliiun. . .  Jt^ia  aaikUeiQcwater^^aad^tsi 


suffiqkut  tg  4i8lipguJph  it  |i^piaPt^<^#tl^ 

J^dSy  iql; ^  flitogetber  different  £9om «acet^^  .^  ti 

>r.     ..V   .  :   .  ChCA^i^r-AciD:-"  ■  •■'      '"'^'■•'   ''^^^^-^ 

f-lf.^  ;•>■).  ;ti-»,  .     ,   '  ■       ■■  <■        f.^    ff         -M'  .   (   *^\»v"-     '  iM')'^ 

JM|:viUMlHi  with  an- acid;^M%  peeuUait  oatun^^i^^d^MMK 
j^qm.wUcb  it  fiMibe0bt«ii»Bdfi9iitii<u^  «UtM 

x«ady  repeatedly  mentioned,  that  vegetable  bodie%f  ii 

gG^md^^  ]N#l4r  pxAli<|  ai^4:^hj?f|>|l?^pi|e|i  irith^ril^fi«,«|jd; 

and  hence  the  method  usually  followed  in  .t)rdciinMB<il' 

For  this  purpose  sugar  is  gen«raUyeia|)loyed;L/rJSi^aiiafM 

'of  nitrbus'  lacid  are  poured  <^  aa.  oance  of  loafR:augai| 

"{liaced  ia  a  retbit  having  a  Receiver  tadiqitedi^ii^dt^iaa^ 

^(^  pokLs  a  di^tfJ^eat(iakp{>iiad|^l^iteaMivadfidiei^^ 

action  commences ;  and  after  it  has  cease^i-^l  midsft j» 

li^aawcd  to  distil  eff  a  part  o£  ^tba  iBvad.  ^^  7fbfe  omiiAue, 

wbile  hot^  X8  {kmred  into  an  eviqporating)basili^  and^.twliaa 

iMld^  cTpi^XA  lai  oxalic  acid  ar^/deponte(]^>  wUdinfAist 

i»a  ;piyStfeAbyjiriuri6ttVgBd*ilcHCi^  he  ?'is;9nh 

During  the  preparation  of  th&^u^dji^jallasgcrqnaaijiir 

W^mtrieosrid  ia  disengaged^  riHiiti^:  jcanAubu 

tafgtar^  tha  kir  in  the  appaBahis^  >  it nttapdansedBinq^hf 

form  cS  nitrons  add ;  and  henea  th^'aiofbcaaifyiiEJadbijitil^ 

*ifeaiwn^[;siol^obly  to  prevent'' diaflsoape  af.*4Dia9abaibus 

liMt8»>  hvt^ialao  tof  lessea^tba^qwiiseBdafo^^ftDptaocieBit 

Carbonic  acid  -gat  is  also  disnlgaged;    JbGM^^fMH^tSjcif  f  kiiga# 

.  yjeld  about  |K>  of  acid*  .-,  y^  .■  ^M^r   ih>  \y)n?o{i^i[} 

^  Oxalb  iicid  ia  obtained  in  amatt  pniawtic  cryalalByhrki^ 

tiuch  veaembUng  thosa-af  snlplMila  o£  m^a^siari  Y^ 

wlodi,  indeed^  it-has^beenfr^nently  misliaicienc^/^aBd 

ar  it  acta  as  a  most  viEoIeltt  poison,  fatal  amdcnlffiMra 
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oooivnedfrom  its  having  been '.taken  instead  of  ^Speooi 
aalisi  ^  Fsom  ifaisylioweTer^  it  is  eaiily  distingnished  ilqf 
ifts.aidd  taste,,or^byita  exciting  efferTesceoce  when  added 
Odumrbcmate  of  potassor  of  lime. 

:,:TJie  cryotalsof  oxalic  acid  kre  soluble  in^about  Ifi  of 
cold,  and  in  their  own  weight  of  water.at  .a:bbilfng  beat. 
The  solutiotn  is  transparent  and  colourless^  has  an  ex^ 
tj^emely  sour  taste,  andieddens.vegetable  blues ;  1  of  acid 
dissolved  in  8600,  being  sufficient  to  affect  litmoa  paper. 
,  When  oxalic  acid  is  exposed  to  heaty  part'  of  Jt  ^ub* 
Umtti  undeooittposed,  ,the  renkoinda?  comes  aSixL^be 
&nn  of ^l^ediiSipiDdaol^  leaving  chofcodi  in'  vthaijretdblL 
9i^(ietafaDing  the  Biil^nifldmatief  into  tk^  fadjsspeatfiig 
tile  appUcatiop  of  the  heatythe  li^hole  may  be  destscrfedii 
but  it  is  difficult  to  ascertain  the  proportion  of*  itsingiW 
dknts  in  thisi  way^  not  .only » from  :jdie  iqaperfeatdeoaq^ 
oitian  ofthe  acidy  but  also fiom.tlie  diffioulty  of«gsld]ig 
it  fipee&QOi  water.!  It  has-been  amilyaed  wheffmoimi 
IHthabase,  in  which  state  it  may  be  obtaioed'^qdile 
ani^droiis.  The  results  of  thcAaalyses  by  ^biyLiissao  add 
Tbenard^  and  by  B^zeliiiiyare. vcrj nearly  the  dunac  i 

,.i,r...-i     ..carboPi    ..    »S.m       M^H  :    .   :  ^r.v.r 

In  these:  ri96i|]||%  the  j^apti>y^^hy4iq^  UhJi^i  m9k 
^Mut  t«:miilfe  tipiii  atgia,  iwhich  led  ^  ttie  mitfkioa 
tltot ityffiB :f«il<%i i  ^nd that^  a^BconJiiigljrs  tOM^c .»dA 
djd>o0l  ixmt^li#nj;  au  ^opiaion  #t  Jlrst  advlttiQ^  liy 
DcihertiaiaR^  aiid  prm^.  BuiiBfkctfmfy^  ^  tb^.  «iqpaBWei»Ql 
of  Ure,  (Ph.  Tr.  182S,)  and  of  TbomaQD,  wU^Mfm:i^ 
paJong  it  A  compfMiod^  :<  ,  .i<  t 

t    oxigen,    66.68      8  ktojiit«f **y  — '^  ^ '  *^ 
^its.oobpositionjQiay  bfe  thiisistiued;    •  .:.-./*' 

.   •catbonic  addt  1  at^im  37*5>£_i  iv^*^*^^*'^ 
ifearboaio  Q^idy.l  atomil7«d /~'     *  ?  ^  f« 
.vQ9c«4ic  atud  dJlSera^  tbere^iire, -^m  otheg»  mgeMlit 
acids,   in  not   containing  hydrogen^   and    since  sugar, 
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Iriim  whidh  4t  is  formed,  has  the  thnee  usual  ingoe- 

■^ntM  of  Tegeloble  matter,  we  can. easily  account  for  the 

okanges  acoompanying  its  formation  ;<  for,  irince' nhrk 

oxid  is  given  off  along  with  •  carbonic  aeid,  oidgen  must 

be  taken  fvom*  the  nitric  acidy  and  consumed  in  i«mo^fiig 

part*  of  the  carbon,  and  the  whole  of  the  hydrogen  of 'the 

sugaff  that  has  been  converted  into  oxalic  acid » 

^'Oxalio  acid,  in  it&  crystallised  state,  contains,  according 

-t0  Thomson,  no  less  than  fiO  per  «ent.  of  water,  beinga 

compound  of  1  atom  acid  and  4  of  water. 

Oxalic  acid  unites  mthr  bases,  and  forms  oxalates; 
and  it  has  the  prepevty  also^of  formfaig  triple  salts     -titt 
'  yOmlaUs^^fiotass.^   OcsalieairidAmBS  tbreei silCtf  wi A^ 
^polassai  an  oxalate,  «  bin^joxakrte^^lmd  quadlMaflktti' 
'The  only  one  of  anyintevtstirtfaeaceiaid.' 

iJfifMXBalaU^of  potass  Sfxists'^Bati^  in 'the  leairet « 4f 
the  oaxUis  acetoieUa^  and^  rmrtM^ofaAMnv 'from  whi^^ft- 
niay  be  pvocared  by « expression  %  -hvH  it  is  obtained  teofe 
easily  by  the  addition  of  tkeaeid^  in  exces%irto  dieoafbd- 
nate  of  the  aUuili,  by  which  minute  eryiUdb  are  dap^ 
^ted.  It  has  an  add  lastCy  and'is  sehibk  (in  about  At 
parts  of  water.  Xha  solution  -is  much  employed  for  re- 
moving iron  stains  from  cUtiii  tlie  exees*  ^  acid  uniting 
^th  the  oxid  of  iron,  and  ftxhttftig  a  sbhibfe  compound, 
(^or  this  purpoiie,  it  is  m1<{  under  th^  mine  of  mU  cfwr^ 
M  Ok*  «M0n«Mif^aft^^bfiion#,  bdi^  disguised'by  the^aid- 
ditf on- <»f. essential  4>il  <A  lemMSr  -In  ^removln^' iron 
atains,  th^  olotb,  afteir  behig  r^etted^  ii  ruibbed  ov^er  trlth 
^ll» salty ^hieh  is^kft^M'fitf  eomelime^  aad  then  wash^Ml 
oiRrftlMuldAe  stain  not  be  removed,  the  proeeas  most 
be  irepeaCed; ' 

The  three  oxalates  of  potass  acre  composed  o# 


5.  •» 

acid,^'^48  or;!  atom,        60  or  S'  '^       r  76or  4 
bases,  57      1  atom,        40      1  iSiS.  .  1    - 

OmtiUe  qf  ammonia^  formed  by  the  neutralisation  of  the 
acid  by  carbonate  of  ammonia,  is  an  important  oom- 
pottiid,  being  much  employed  in  analysis^  unth  thu'inim 


J 


Oxalic  acid,  is  used.ior  c)^Ai4%gJ>Qet  tOpsiSnm^Hlftit 
^tfi^je^j  on  oxi4  of  ^  Bro»r  J|o4  feww^v^t.  w*iiJJte.«anir 

/qpoAp  from  cIoUhi  being  x^  m  tb^  sMiQ  luy.fftitli^Hlt 
ofjeiwon,  (p. ^9.),       .,      jh  ^    '    -      '.^    >i  i>-.)i:irt 

Citric  acid  exists  in  cpnAi^^^Ue  ^fttitity  in  the  juice 
of  limes  and  of  lemqos,  ((M^W  fnedfiotta}  and  from  which 

glided  by  Scheele,  Fortbi^p^^rpode^^b^  %\A(^W9M^ 
^t^|^ion9  is  beateda  and.  .mixt^  jsritb  Hsbftik  m  loog^ite 
jj^g-c  is  aiiy  effer^^f4S^«^  ^^r^l^th^  ,ilt*intUj.  «^ 
ployed.  Citrate  of  lime  i^^epqfilei^-TMAis'lO^^I^  fiHill- 
(^^l^p^^dly  wiltb  cqld- fHi*t^»  alfcw^^^  be 

|}l^d»'  and  ^jJuted  wi^  ^aJlM^  10,  parttf i<tf  JNMf ^netiitu% 
^.mi^ture  pon^tai^tlj,  t^^Jl^g  4jie  fvrb^iphetlM 
in  coatacf  with  the  aod„  ru4  |)r«v^tr  the  ^veg^AlibkhilQMl 
jfl^ated  from  beiagr4eoonq)Qsad«.  Sulpb^t^  i<tf ^^UmO  is 
^cfpslted,  and  citjric  acid  bel4  in  ja9lpti4l»st  aidJssq^ 
j^^by  filtration.  Tho  fl{ud  «  lbf»  to^bQ.€vAp9filtlA 
)^IiS^^  application  .of  ^  slight^  beat^  ]b^  «bi€b>iaryalal|f  iMre 
j^tain^;  but  they  rfquix^tf)  be  &8<|iienlly,diii3qfare^flDd 
f rysUllif^dy^to  .^^e  |]^m::vfrqpbf$9tDi|iiig3l9ft|tv^ 
^^dupUj^g  jbis  pracefi#»  iroo  ¥es8#li:  muat  biBomotfidb 
l|cii;,i^QuId  uo§  uutrmnento  be  used ,  to  .a<(ir. th^  «i3K(kisunfi^ 
b^C{|fi^  4)h>^  Acid  acta  .0»  easily  on  iti  andviMqiiiiea}^ 
^^S^  99k!f^r»  {?afWa*Chem.  Essi^)^  >;  'ii^>v';7  ^Ht 
tfa^ftiWd^o«^te^bt4ined»^  isvin  n^^llafl/^dmedi 
transparent,  octohedral,  and  som^tioM  dlteiboidal  pnis 
IBfl|l4w^^ll^  fpjluUjilin.less.tbaathtttwdl^i^^^ 
^  ^l^j^f^^'r  weight  of  boiling  water.  The  iskdida 
^A  ^Wi^^f^*  f«4de^ngv^etable  blues;  bittitisiapl 
<»4ste>9g(ff  w^Ji  ?lllP^  Tbe,«rys»iM»dirwt«tiflte 

ffili  ^J^)^y.*5WP!W»*.«ft  Iftfiu  ^Wb«i bfai*ed^th<!f 
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lose  their  water  of  cryatalliaation,  and  are  decomposed^ 


been  an^jzod  jyy  Got  Lussac,  lir  Ure,  Ber^elius,  (An. 
of  Ph.  v.y  and  Dr  Thomson,  (i?irst  Pr.)  the  results  of 

the  two  last  very  nearly  agreeing.     They  are, 

BeneUus.  ThonMon. 

carbon,        41^9        41.879    =    4  atoms,  ^ 
oxi^n,       S4.831         56.173    =     4  atoms,  C  =72.5 

'  jf^dt^gen,*    3.8  3.448    =    2  atoms,  J) 

HVe  '^i^st^s  cbntain  1  Utom  of  acid  atid  2  of  watier. 

-  'Mtnc  acfd  deconkposes  It,  converting  it  first  to  bxali^ 
mk^ft^^tiid  atctton  be  continued  with  'more  mtric'acU^ 
iSM^^tic'l'cid  isf  generated.' 

'  ^ftrjibaa^forihswit^ 

l^osi'bf^ttif  alWdies  at^  soluble;  of  the^itfbis,  ia  g«n6. 
rat' iii^f ubie.  '  Sbme  ci  the  metalb  are  easily  acted  on  by 
it.  Iron  ini  ziAc^  for  initanc^^'  ar^  dissolved  with  eftr- 
vescence^  and  converted  to  citrates.  'Whifii  licaa  JSfiliigs 
ara'kept  in  the  acid,  a  solution  is'  formed.  Which  oA 
dually  deposits  a  white  |^Wder,  consisting  of  proto-^ 
trate,  biit  which,  by  tfifb  absorption,  becomes  per-^trat^ 
bf  a  brownish  coloiir. 

Anj.i^kalpe^  "citrate  precipitates  many  or  th^  ~'iiiietid& 
frbm.Meir  sbluiion,  as  lead, .silver,  &c.  '      '    *'' 

;W^^/^^id^  lita^Q  juice,  is  km^by'^'JiA  ^ 

a^ylulii^us^Hn^^ /and  in  preventing  scurvy.  It^ts  used 
also,  '^ihet  id  tliie  state  of  lic^e  juice^  or  (ir^dtallik^^  in 
the  jpreparatro^  efferVescent  draughts.  ^^^ForWspmv 
pose«  equal  weights  of  the  powder  of  the  crystds  of  dtric 
acid,  and  of  bi-carbonate  of  soda,  are  dissolved  in  sqMh 
rate  .portions  of  water,  which,  when  the  solution  is  com- 
pleted, are  to  be  mixed  and  instantly  swallowed,  [Ik^  that 
the  carbonic  acid  may  b^  taken  intb  the  stomach. 
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Malic  Acid. 

Malic  acid  exists  in  the  juice  of  i^ples,  gooseberries9 
and  many  other  fruits.  Vauquelin  found  it  in  the  juice 
of  tlfe  common  house  leek,  and  Donovan  in  that  of  th^ 
service  tree^  (sorbus  aucuparia,)  and  described  it  under 
the  name  of  sarbic  acid. 

Different  processes  have  been  recommended  for  pro- 
^ring  it.  They  all  consist  in  uniting  it  with  a  basct 
as  witti  lead,  which  is  afterwards  to  be  separated  by 
the  addition  of  an  acid,  or  of  sulphuretted  hydrogen^ 
The  process  recommended  by  Donovan  for  procuring  it 
from  the  juice  of  the  service  tree,  and  which  will  apply 
to  the  other  substances  in  which  it  exists,  is  to  add  to 
the  juice  obtained  from  the  berries  by.  expresrion,  and 
decolorized  by  filtration  through  charcoal^  a  solution  of 
acetate  of  lead  as  long  as  it  throws  down  a  precipitate^ 
which  is  malate  of  lead.  Having  washed  this  with  cold 
water,  to  carry  off  colouring  matter,  it  is  then  to  be  dis- 
solved in  boiling  water,  and  the  solution  set  aside  to  crys- 
tallize. The  crystals  are  next  to  be  mixed  with  sulphu* 
ric  acid,  using  less  than  is  requisite  for  their  complete 
decomposition,  by  which  sulphate  of  lead  is  deposited, 
and  malic  acid  held  in  solution,  and  may  be  procured  by 
filtration ;  and  to  remove  any  lead  with  which  it  may  be 
contaminated,  it  is  subjected  to  the  action  of  sulphuret- 
ted hydrogen,  and  then  boiled  to  expel  the  superfluous 
gas,  and  again  filtered.  The  acid  solution  thus  ob- 
tained, is  generally  of  a  pale  brownish  colour,  but  be- 
comes colourless  when  purified  by  repeated  solutions.  On 
evaporation^  it  yields  malic  acid  in  the  form  of  a  thick 
syrup. 

When  malic  acid  is  exposed  to  heat,  along  with  oxid 
of  copper,  it  is  decomposed ;  and  hence  the  method  fol- 
lowed by  Vauquelin  in  analyzing  it.  According  to  him, 
it  is  composed  of 

carbon,  S8.S        8  atoms,  ^ 

oxigen,  54k9        4  atoms,  ^     ss    75 

hydrogen,      16.8      10  atoms,  / 

q2 


J 


^4  VEGETABLE  ACIDS. 

It  unites  with  bases,  and  forms  malatesy  which  haye^ 
however,  been  but  little  examined.  Those  containing 
the  alkalies  are  soluble  and  deliquescent.  MalatoV  ci 
lime^  baryta,  strontia,  and  magnesia,  are  solubl^  bnt 
that  with  alumina  is  insoluble. 

Malic  acid  acts  on  few  of  the  metals,  but  it  unites  wiA 
the  oxids,  and  forms  compounds,  most  of  which  are  in- 
soluble. 

Malate  of  lead  is  formed  by  the  addition  of  the  acetate 
to  the  acid,  or  to  any  of  its  soluble  salts.  It  is  easily 
decomposed  by  sulphuric  acid,  and  hence  its  use  in  the 
preparation  of  the  acid. 

Besides  the  sources  already  mentioned,  from  whid 
malic  acid  is  procured,  it  may  be  also  obtained  by  the 
action  of  nitric  acid  on  sugar.  It  has  been  already  men- 
tioned, that  the  fluid  from  which  the  crystals  of 
acid  are  procured,  (p.  S37.)  consists  partly  of 
partly  of  malic  acid.  To  obtain  it  from  this,  lime  is 
added,  by  which  oxalate  of  lime  is  deposited,  and  malate 
of  lime  held  in  solution.  After  filtration,  the  malate  aduij 
be  precipitated  by  alcohol,  and  again  dissolved  in  water, 
and  decomposed  by  acetate  of  lead,  and  from  the  malate 
the  acid  may  be  obtained,  as  already  described. 

Malic  acid  is  not  put  to  any  particular  use. 


Benzoic  Acid. 

It  has  been  already  mentioned,  that  balsams  owe 
peculiar  fragrant  odour  to  the  presence  of  an  acid  called 
benzoic.  Prom  these  it  is  procured  in  different  ways. 
The  simplest  is  to  place  any  quantity  of  gum  bmzim 
into,  a  common  subliming  vessel,  and  apply  heat ;  the 
balsam  is  at  first  melted,  and  a  vapour  arises,  which  is 
quickly  condensed  in  the  cool  part  of  the  appatatufl»  in 
slender  silky  crystals.  They  are  benzoic  aoic^  but  i0en- 
dered  impure  by  the  presence  of  a  little  volatilo  6df  to 
free  it  from  which  they  may  be  dissolved  in  ^WLrf,  and 
precipitated  by  water ;  or  they  may  be  tftk^en-up.  by  an 
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AliaHne  solution,  and  thrown  dowki  by  the  addition  of  a 
Weak.acid.' 

'  The  ifolation  and  precipitation  constituteB  anotheif 
mode  of  procuring  the  acid*  It  is  the  one  ordered  by 
the  Edinburgh  College.  For  this  purpose,  3  parts  of 
benaoitt  are  boiled  with  1  of  carbonate  of  soda,  in  suc- 
cessive portions  of  water,  and  the  fluid  filtered,  by  which 
benzoate  of*  soda  is  obtained,  and  after  concentrating  by 
etaporation,  diluted  sulphuric  acid  is  added  as  long  as  it 
throws  down  any  precipitate,  which  is  to  be  washed  with 
a  little  cold  water,  and,  when  dried,  sublimed  to  get  it 
iiicrystals* 

'l' Bmzoic  add,  as  generally  obtained,  is  in  soft Jieedle- 
iufmed  crystals,  having  a  peculiar  pleasant  odour.  When 
oposed  to  a  moderate  heat,  it  is  sublimed  and  condensed, 
unchanged,  in  the  cool  part  of  the  appsoratus  ^  but  when 
the  temperature  is  high,  it  is  decomposed,  and  the  usual 
products  are  given  off.  It  is  difficult,  however,  nay, 
idmost  impossible,  to  decompose  it  in  this  way,  owing  to 
its  volatility.  It  has  been  analyzed  by  Berzelius  and  Ure, 
the  former  of  whom  seems  to  have  given  the  most  correct 
tiew  of  its  ccxnposition^  It  is,  according  to  him,  com-p 
posed  of 

or  Mtiier 

carbon,  74.41     =s    5  atoms,         15, 

oxigen,  90.48    cm    1  atom,  8, 

hydrogen,        5.16    s=s    S  atoms,  6, 

because,  by  the  decomposition  of  some  of  its  compbunds, 
the  atomic  weight  has  been  found  to  be  150,  a  nunber 
aoocnrdiog  with  the  last  view  of  its  composition. 

7.5  X  16  +  10  X  8  + 1.86  x6 1=160,  (FirstPr.) 
'Benaoic  acid  i^  sparingly  sc^ble  in  watery  requiring 
84  pairts,  at  a  boiling  heat,  for  sdtution,  from  which 
almost  the  whole  is  deposited,  when  the  temperature  falls. 
It  unites  with  the  salifiable  bases,  and  forms  benzoaiei^ 
The  salts,  however,  present  little  of  any  interest.  The 
benzoates  of  the  alkalies,  of  lime,  baryta,  strontia,  and 
alumina,  are  soluble.  Those  of  the  metals  are  in  general 
9ho  soluble,  but  that  with  iron  is  insoluble ;  and  hence         A 
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Berselittg  bttt  proposed  to  uie  bensoic  add,  or  raJtlwr  • 
benzoate,  with  the  view  of  precipitating  iron  fnmi  any  of 
its  lolutioBB,  and  thus  ascertaining  iU  quantity.,  t  Tiie 
preciiritate  is  of  a  brownish  oolour,  supposing  m  pei^-saltlo 
be  emfioyed^  and  after  being  dried  at  S12,  ia  composed 
of  1  atom  acid,  1  of  pemrid,  i.  ^.  1&  to  5i  so  that  14A 
of  its  weight  ^ves  the  otid  of  iron  existing  in  it  Bca> 
voate  of  lead  is  insoluble,  so  that  it  is  neeesaavy  to  re. 
move  it,  if  present,  by  the  addition  of  sulphate  ^  8od% 
before  adding  the  benzoate. 

Benaclo  aoid  is  conlatted  in  all  bidsams^  and  in  differ* 
ent  plants.  It  has  been  fpund  also  in  the  urine  of  grami* 
nivwoBs  animals,  and  ia  that  of  children.  Its  diief 
source  is  gum  benscHn,  or  benjamin,  the  produce  of  the 
styrax  bensoina,  from  which  it  is  always  obtained  as 
already  described. 

It  is  used  chiefly  as  an  aromatic. 

Gallic  Acid. 

It  has  been  already  mentioned^  that  tannin,  as  usually 
procured  from  nut-galls^  contains  also,  a  peculiar  add 
<:alled  gallic,  intimately  connected  with  it,  and  neariy  A 
lied  to  it  in  many  of  its  properties.  It  was  first  obtained 
in  its  insulated  form  by  Sdheele,  but  it  had  been  previ- 
ously examined,  in  union  with  tan,  by  other  chemists. 

The  process  followed  by  Scfaeele  in  prepaiingit^ is  ex- 
tremdy  simple,  andwifli  aome  sli^  modifattiopa  ia» 
oomn^ided  by  Bracoanot,  (An.  de  Ch.  et  da  Ph.  ix.)  is 
the  one  generally  foBowed^  For  th&  poipoee  the  gaUs 
are  infused  in  water  for  some  day$,  and  the:8akit]Oii,  after 
^tratioo,  exposed  inopen  veseda  for  several  weeks,  by 
which  minute  crystals  are  gradually  deposited.  By  faiw 
ther  evaporation,  and  exposure  to  air^  more  cryatala 
an  obtained.  These  are  next  kept  in  boiling  water 
for  some  time,  to  separate  the  add  from  an  insoluble 
matter  with  which  it  ia  mixed,  and  the  solution  by  fil- 
tration, and  exposure  to  air,  yidds  crystals  of  gallic  acid. 
As  thus  obtained,  they  are  c^  a  pale  brown  colour,  but 
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by  dissolving  them,  and  passing  the  solution  through  i^ii- 
mal  charcoal,  previously  washed  with  muriatic  miid, 
they  may  be  procured  ttahsjialrent  and  edlbUriess.  '^ 

Gallic  acid  may  be  also  obtained  by  sublimatibn  from 
galls,  as  recommended  by  Deyeux,  (Crell^s  Annals,  1.) 
i^r  by  precipitating  the  taa  «nd  ei^tract  from  gt^hy 
boiling  with  alumina^  and  ^'then  «po4ng  ti^ -^t^r^ 
4uld  to  air,  (Nich.  Jaunt  1.)  The  laman  vi^'iAw^ 
previously  thrown  down  by  albiibito,  or  by  gdAtiKi,  ik^ 
tomntr  derived  from  white  of  eggs^  t|)e  lattciir  iwtk  iWh 
glass,  (Quiurterly  Journal^  VI.}  ,.     ^ 

GalUc  add,  wh»  pure^  is  traBspwenl  m4  ocdourloss. 
It  has  a  sour  unpleasant  tast^'  a^'irkto-bested^Miiiqgly 
HI  air,  is  inflamed,  and  during  its  conbustkn^fWtsim  «ro» 
matic  odour.  Exposed  to  heat  in  dbse  vessels^  it  is  da^ 
composed,  and  yields  the  usual  produQls^  It  has  baeft 
analysed  by  Berzelius,  and  found  to  isadtMP^  *(4Ul*  of 

Ph.    v.)  :.i  .   (i        *.  »•:        ^.l    •  ■      > 

carbcm,         66.64 
oxigeoy        9&fl6 
hydrogen,      5. 
It  is  not  altered  by  exposure  to  air.    It  is  aelublie  in 
about  04  parts  of  eold»  and  i»  3  of  boilSug  watet*    The 
•alution  is,  however,  elowly  4e<^»ipoa(ldj  #t^ujriig!« 
DMmld  on  its  suriace.  *  o: 

NitHe  acid  oonverts  it  to^  ojtalic  addr  •   V .  ^  '  '  -  ^  -' 
It  tmites  with  bases,  and  fonna^oAi^.    QTbo^eof  tbft 
aUialifie  ase  soluble ;  with  Une^  ba^ta^  eudetrm^  Inson 

luble. 

When  the  add  itself  is  added  to  ibeisaUs  of  glwetea, 
ittria,  and  ziroonia,  it  occasions  pepi^llaliop^  owiag  1^ 
the  strong  attraction  existing  between  them. 

It  predpitates  many  of  the  metals  from  thdr  salts. 
That  with  iron  is  black  ;  with  lead,  white ;  copper,  gold ; 
a»d  silver,  brown,  In  the  preparatioiii  of  io^  i^eedy 
daioribed,  (p.  301.)  the  black  predpits^e  xmiel  be  em^ 
siflbred  to  contain  the  oxid  of  iron*  in  coniUiiat^eii'  not 
ettly  with  tannin,  but  also  with  gelMe  add;  fbr  betbti^ 
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these  exist  in  the  astringent  matter  emplc^ed  in  ito  na^ 
oufacture. 


.1 


♦  r  -1 


Meconic  Acin. 

When  an  infusion  of  opium  is  boiled  witli  mi 
with  the  view  of  preparing  morphia,  (See  VegtiMi  JH^ 
IcaReSy)  and  the  narcotic  principle  has  bem  reHioV^  hjf 
alcohol,  an  insoluble  matter  remains,  which  Is  a  cbBul 
pound  of  the  earth,  and  a  peculiar  add,  to  whidi  the 
name  of  meeomc  has  been  given,  {ymm<,  p(^y-)  ^o  pn^ 
cure  the  acid  from' it,  it  is  dissolved  in  diluted  sulphuric 
add,  and  by  the  addition  of  muriate  of  barjrta,  sdlji^hiit^ 
and  meconate  of  baryta  are  predpitated.  By  dusoMng 
the  predpitate  in  warm  diluted  sulphiuic  add.  Altering 
and  evaporating,  crystals  of  meconic  acid  are  obtained. 
An  easier  method  of  preparing  it,  has  been  lately  recom- 
mended by  Dr  Hare,  (Lond.  Quarterly  Joum.  N.  S.  iii.) 
To  an  aqueous  infusion  of  opium,  add  sub-acetate  of 
lead,  by  which  meconiate  of  lead  is  deposited,  and  from 
which,  after  bdng  washed,  the  oxid  may  be  removed  by 
sulphuretted  hydrogen,  and  the. acid  left  in  solution. 

Meconic  add  is  soluble  in  water  and  in  alcohol,  the 
solution  reddening  vegetable  blues«  When  exposed  Xo 
heat,  it  undergoes  decomposition.  It  changes  the  solu-* 
tion  of  salts  of  iron,  with  the  maximum  oxid,  to  a  bright 
red,  and  those  of  copper  to  an  emerald  green.  It  does 
not  possess  any  of  the  narcotic  properties  of  opium,  in 
this  respect  diiSering  from  morphia. 

It  is  supposed  by  Serteumer  to  exist  in  opium,  in 
union  with  morphia. 

KiNic  Acid* 

When  the  solution  of .  Peruvian  bark  in  cold  water  is 
concentrated  by  evaporation,  crystals  are  gradually  de- 
podtedy  which  consist  of  lime  and  a  peculiar  add 
called  A^ffiir,  from  which,  when  dissolved,  the  lime  can 
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be  precipitated  by  oxaUc  acid.  The  Bolftioo  after  fil- 
tration crystallizes.  .        . 

Kinic  acid  is  distinguished  from  others,  by  forniing 
a  soluble  salt  with  lime,  and  in  not  precipitating  lead 
£rom  its  solutions.  -  '    '  > 

Beudes  the  acids  described,  others  hare  been  mcn^a- 
ed  by  different  chenuBts.  Many  of  these,  however,  have 
DOW  been  found  to  be  mere^  the  common  acids  disguised 
by  the  presence  of  some  vegetable  principle  ;  but  others 
atill  maintain  their  title  to  be  considered  distinct  acids, 
though  their  properties  have  not  been  minutely  investigat- 
ed. Such  are  isaguric  acid,  discovered  by  Felletier  and 
Cavoitou,  in  St  Ignatiu^t  bean,  (An.  de  Ch.  et  de  Fli. 
viii.) ;  eUoffic  add,  existing  in  nut-galls,  described  ]}^ 
Szaconnot,  (sBra>e  work,  ix.)  ;  boletic  addy  discovered  by 
&e  same  chemist  in  the  boletus  pseudo-ignarius,  (An>  of 
Ph.  ii.)  and  moroxylic  acid,  found  in  the  fruit  of  the  scf- 
ius  tdba,  (Nicb.  Joum.  viii.)  :  ,  ^  .  .^.  m 
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position,  shewing  that  in  addition  to  the  usual  ingre- 
dientSy  they  must  also  contain  nitrogen.  They  have  a 
weak  affinity  for  acids,  and  of  course  their  salts,  most  of 
which  are  yery  soluble,  are  easily  decomposed  by  other 
bases. 

The  vegetable  alkalies  are 

Morphia,  Stryabii^    »       .  Delphia, 

CinchiMiia,  Bruda,  Atropia, 

Quinia,  Pierotoxia,  Hyoacyama, 


Emetia. 


MOBPHIA. 


Opium,  besides  several  of  the  common  vegetable  prin-p 
dples,  contains  a  peculiar  substance,  in  union  with  me* 
conic  acid,  in  whidi  the  narcotic  quality  residea. 

Derosfte  first  drew  the  attention  of  chemists  to  it,  (An. 
de  Ch.  xlv.)  and  oonduded  that  it  was  the  active  prind* 
pie  of  opium*  He  found  that  it  possessed  alkaline  pro^ 
perties,  but  which  he  ascribed  to  the  potassa  emplojred  in 
its  preparation,  having  been  procured  by  predpitation 
by  that  substance  from  infusion  of  opiimL  Seguin  seems 
to  have  procured  it  in  1804,  an  account  of  which  he  read 
\o  the  French  Institute,  but  it  was  not  published  ttU 
1814,  (An.  de  Ch.  et  4e  Ph.)  Lastly,  Serteumer, 
about  the  same  timet  gave  an  account  of  a  substance  in 
which  he  oonaidered  the  peculiar  properties  of  opium  le* 
sided,  (Tromsdorflrs  Journal,  xiv.)  These  experiments 
were  entirely  overlooked  by  Chemists,  till  Serteumer  in 
1817  again  drew  their  attention  to  the  subject,  (An.  de 
Ch.  et  de  Ph.  v.)  He  then  gave  an  account  of  a  sub- 
iCanoe  whidi  he  called  morphia,  conddering  it  the  ao» 
tive  principle  of  opium,  and  clearly  established  its  claims 
to  be  ranked  among  the  dass  of  alkalies.  Though  he 
stetea  that  the  substance  procured  by  Derosne  was  alto- 
f^jtbor  difierent,  conddering  it  a  compound  of  the  add 
of  <^tim,  (meconic  add,)  yet  in  this  he  is  evidoitly 
wrong.  Derosne's  precipitate  was  morphia  in  its  impure 
state,  and  thrown  down  by  the  potassa,  having  conbined 
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with  the  meconic  acid,  with  which  it  was  in  union*  We 
are  to  consider  Derosne,  therefore,  as  the  discoverer  of 
morphia,  but  Serteumer  certainly  first  obtained  it  pure  ; 
and,  having  shewed  it  to  be  alkaline,  has  the  merit  of 
having  paved  the  way  for  the  subsequent  discoveries 
of  chemists  with  respect  to  vegetable  alkalies. 

Different  methods  have  been  recommended  for  procur- 
ing it.  The  process  followed  by  Serteumer  consists  in 
macerating  opium  with  acetic  acid,  filtering,  and  precipi- 
tating by  ammonia.  The  processes,  however,  by  which  it 
is  obtained  in  greatest  quantity,  and  in  the  greatest  state 
of  purity,  are  those  of  Robiquet  and  of  Thomson.  The 
following  is  that  of  Robiquet,  (An.  de  Ch.  et  de  Ph. 
V.)  Boil  a  concentrated  solution  of  a  pound  of  opium 
with  100  grains  of  magnesia,  during  a  quarter  of  aa 
hour ;  filter,  and  wash  the  precipitate,  which  consists  o£ 
morphia,  narcotin,  meconate  of  magnesia,  and  colouring 
matter,  first  with  cold  water,  and  then  with  warm  dilut- 
ed alcohol,  to  dissolve^  the  narcotin  and  colouring  sub- 
stance. Then  boil  the  insoluble  residue  in  alcohol^  which 
will  take  up  the  morphia,  and  deposit  it  in  slender  crys- 
tals, as  its  temperature  falls.  If  not  colourless,  it  may 
be  purified  by  repeated  solution  in  alcohol^  and  crystalli- 
sation. 

The  process  of  Thomson,  (An.  of  Ph.  xv.)  consists  in 
adding  to  a  concentrated  watery  solution  of  opium,  aqua 
ammonias,  as  long  as  it  throws  down  a  precipitate, 
which  consists  of  morphia  and  colouring  matter.  After 
filtration  wash  it  with  alcohol,  and  dissolve  it  in  acetic 
acid ;  and  by  repeated  agitation  with  ivory  blacking,  and 
filtration,  the  morphia  can  be  precipitated  by  ammonia* 
If  not  colourless,  it  must  be  dissolved  in  idcobol,  and 
purified  by  crystallization. 

The  precipitate  thrown  down  by  ammonia  may,  as  re* 
commended  by  Hottot,  (Quarterly  Journal,  xvii.)  be  dis» 
solved  at  once  in  warm  alcohol,  and  the  solution  decolo- 
rized by  charcoal^  by  which  crystals  of  morphia  may  also 
be  obtained. 

According  to  Brandy  a  pound  of  opium  wiU  yield 
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•about  500  grains  of  morphia ;  but  it  is  doubtful  if,  by  any 
of  the  processes  followed,  the  whole  of  the  morphia  is  ob- 
itained ;  indeed,  Robiquet  found  that  the  fluid  from  which 
it  had  been  precipitated,  still  contained  a  considerable 
tjuantity.  Mr  Henry  states  that  most  is  procured  when 
lime  is  employed  to  precipitate  it  from  the  infusicm^ 
(BulL  Univ.  b-  xi.) 

Morphia  is  obtained  in  four-sided  rectangular  prisms, 
-having  a  pearly  lustre.  It  is  sparingly  soluble  in  water^ 
but  easily  dissolved  by  warm  idcohol,  which  deposits  the 
greater  part  of  it  when  the  temperature  falls.  The  solu- 
tions have  an  intensely  bitter  taste,  and  have  the  sam^ 
effect  as  the  alkalies  on  vegetable  colours. 

.Morphia,  when  heated  slightly,  is  fused,  and,  on  cool- 
ing, crystallizes.  It  is  decomposed  by  strong  nitric  acid^ 
being  converted  to  oxalic ;  but  when  diluted,  it  unites 
with  it ;  and  it  combines  also  with  other  acids,  and  forms 
neutral  salts.  It  decomposes  some  of  the  metallic  com- 
pounds, uniting  with  their  acid,  and  precipitating  thi^ 
oxid. 

Morphia  has  been  analysed  in  the  usual  way,  but  very 
different  statements  have  been  given  of  its  composition. 
The  following  are  the  results  of  the  analyses  by  Brande, 
(Quarterly  Journal,  xvi.)  Dumas,  and  Pelletier,  (An.  de 
Ch.  et  de  Ph.  xxiv.),  Bussy,  (An.  of  Ph.  N.  S.  vj.) 
Thomson,  (An.  of  Ph.  xv.)  ; 

Bnuide.       Dumas,  Pdkder. 

carbon,      72.  72.02 

oxigen,      17.  14.84 

hydrogen,    S.S  7.01 

nitrogen,     5.5  5.5S 

The  result  of  Thomson,  so  completely  at  variance 
with  all  the  others,  not  only  with  respect  to  the  propor^ 
tion  of  the  ingredients,  but  also  to  the  absence  of  nitro- 
gen, would  lead  us  to  suppose^  either  that  the  morphia 
has  been  impure,  or  that  some  mistake  has  been  commit* 
ted  in  the  analysis. 

It  has  been  proved,  by  satisfactory  trials,  that  morphia 
18  the  narcotic  principle  of  opium.  Serteumer  found 
that  a  half  grain  produced  headache^  and  encrease  of  the 
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muscular  energy.  An  additional  half  grain  induced  attl* 
por,  vertigo,  and  nausea ;  and  when  the  dose  was  eo- 
creased  to  1^,  the  s3rmptomB  became  so  alarming  as  to 
make  him  have  recourse  to  means  to  counteract  diem* 
When  administered  cautiously,  it  produces  the  beneficial 
effects  of  opium,  without  any  of  those  unpleasant  fed. 
ings  sometimes  attendant  on  its  administration ;  and  it 
does  not  seem  to  be  deprived  of  its  properties  by  union 
with  an  acid.  Though  alarming  symptoms  foUowtfie 
use  of  a  small  dose  of  morphia,  it  has  been  found  that  a 
much  greater  quantity  may  be  swallowed^  provided  it  it 
not  in  solution,  the  powder  acting  very  slowly  on  the 
system.  Hence  the  means  of  counteracting  an  over-dott 
of  it,  <Hr  of  opium,  by  tli^  administration  of  alkaline  ear* 
bonates,  by  which  it  is  precipitated  ^« 

CiNCHOKIA. 

The  febrifuge  qualities  of  Peruvian  bark  hav«  been 
ascribed,  at  different  times,  to  different  substances  sup* 
posed  to  exist  in  it.  Dr  Duncan  was  the  first  who  thMW 
out  the  conjecture,  (Ed.  Dispens.  e^tion  1811,)  that 
bark  contains  a  peculiar  principle,  which  he  inferred  fnta 
finding  that  re-agents  produced  changes  not  to  be  aiu 
counted  for  by  the  qualities  of  other  vegetable  bodies* 
To  this  substance  he  gave  the  name  of  ctncftontn.  This 
opinion  of  Duncan  was  afterwards  c(mfirmed  bj  the  ex* 


*  Ftom  what  has  been  said  of  the  properties  of  morphia,  it  mnit  be  evident 
to  any  one  who  will  read  the  paper  of  Deroene,  that  the  subftance  which  be  ob- 
tained was  the  same.  He  procured  a  crystalline  matter  from  the  watery  inUon 
of  opium,  by  spontaneous  deposition,  and  also  by  the  additioB  of  cazbooate  of 
potass,  and  which  he  was  indined  to  consider  one  and  tbt  nat.  Of  this 
there  seen  some  donbts,  bat  with  respect  to  the  last  there  can  b«  iMoe^  that 
it  was  moipbia.  It  was,  according  to  hinw  soluble  io  boilii^  aloobol,  btiag 
precipitated  as  the  temperature  felL  Its  solution  changed  Tiolets  to  green.  It 
combined  with  adds,  and  fbrmed  sohiUe  cemponnds.  Sappnaing  ^utt  the  rf> 
Ibet  on  the  tieleta  mlfi^  d^end  on  the  prsscnee  of  pomsui,  te  tried  m  wmh 
this  off,  but  still  the  substance  dianged  the  cdoar.  Laatly,  a  miaiile  qmmtity 
gi?en  to  dqgs,  produced  the  violent  symptoms  of  an  oTer.4liose  of  opioob  M^ 
tcnmer  has,  therefore,  merely  confirmed  the  experiments  of  Dcvone;  and)  in 
addition,  hM  proved  iSta  alkaUm  pioperty  of  msrplda. 


CINCHONIA.  nSS 

periments  of  Dr  Gomez  of  Lisbon^  who  succeeded  in  pro- 
curing cinchonin  from  baik,  (Lisbon  Phil.  Trans.)  ;  and 
Pelletier  and  Caventou  having  afterwards  proved  that  it 
belongs  to  the  class  of  vegetable  alkalies,  it  has  now  re- 
ceived the  name  of  cincJumia. 

The  process  followed  in  procuring  it,  is  nearly  the 
same  as  that  by  which  morphia  is  obtained.  Perhaps 
the  easiest  is  that  described  by  Brande,  (Manual  of 
Fharm.)  Boil  a  pound  ci  pale  bark,  (cinchona  condami' 
nea,)  bruised,  in  a  gallon  of  water  mixed  with  three 
drachms  of  sulphuric  acid,  and  after  pouring  off  the  de- 
ooctic^  repeat  the  process  till  the  whole  of  the  soluble 
matter  is  extracted.  Mix  the  fluids,  and  add  slaked  lime 
in  sufficient  quantity  to  neutralize  the  acid  employ ed^ 
and  a  precipitate  of  cinchonia  and  of  sulphate  of  lime 
falls,  which,  when  boiled  in  alcohol,  yields  cinchonia  by 
evaporation  of  the  solution. 

Cinchonia  is  a  white  semi-crystalline  substanee,  spa- 
ringly soluble  in  water,  but  easily  dissolved  by  warm 
alcohol,  which,  when  it  coob,  deposits  it.  It  has  an  ex- 
tremely bitter  taste,  and  its  solutions  change  vegetable 
colours  to  green.  When  heated,  it  is  volatilized,  and  by 
the  application  of  a  proper  temperature,  is  decomposed^ 
and  yields  along  with  the  usual  ingredients  ammonia ;  so 
that  it  must  contain  nitrogen.  The  analyses  by  Brande, 
and  by  Pdletier  and  Dumas,  by  no  means  agree;  so  that, 
as  yet,  we  are  quite  undecided  with  respect  to  its  com- 
position.    The  following  are  the  results  : 


79.30 

76.97 

0.0 

7.79 

7.17 

6.SS 

18.72 

9.02 

carbon, 

oxigen, 

hydrogen, 

nitrogen, 

Cinchonia  unites  widi  acids,  and  forms,  in  general,  neu* 
txal  salts.  The  sulphate,  muriate,  nitrate,  and  acetate, 
are  soluble;  oxalate,  tartrate,  and  gallate,  are  insoluble  ki 
eold  water.  Hence  the  infusion  of  bark  is  precipitat* 
ed  both  by  gelatin  and  by  galls,  the  former  removing, 
tliie  tannin  always  existing  in  it,  and  the  latter  jriel^ng 
galUc  acid  to  deposit  the  cinchonia. 


856  V^QIPJFABLE  AI^liflA^IES. 

p  Tli^t  ciui^hoiiui  possesses  tbe  l^brif age  qiialA^9f  A^tIm 
hasi  been  proved  by  the  expenments  of  Doubly  and 
others,  (Ed.  Dispens.)  /  .   .   .  .   .^    ,.  . 

QUINIA. 

During  their  analysis  of  bark,  Pelletier  and  Caventou 
4J^po)rered  in  that  variety,  commonly  cal^  ydlpv  bark^ 
(^cinchona  cord^diat)  another  alkaline  principlef  to 
yr^ch  they  have  given  the  name  of  qui$iin  or  quinia^  It 
is  (Stained  by  a  process  similar  to  that  by  wlucb  cincho- 
nia  is  procured.  It  is  a  white  pulverulent  substance 
|i|pawgLj,  Wuble  in  water,  but  dissolved  by  warm  alco- 
\6^  {rpm  which,  however,,  it  is  not  deposited  in  crystals^  f|p 

i^  the  case  .with  morphia  and  cinchonia«  

,^  Ikt^  has  been  f^ialysqd:by  Brande  ami  by  PeUetier,  bat 
i^e  |^.eRults  ar^<disco|!;dant;  they  are, 

^,^^^.    cigjlipn^    .  ,      .73.80  76f«  ... 

. ,    .  oxigen«  \  5.55  lO.'iS 

„.*,^^  fhj.drogen,  .    7.65  *  &66 

nitrogen,  18.00  8*05 

Quinia  unites  with  acids,  and  forms  salts,  the  most  im* 
portant  of  which  is  the  sulphate.  It  is  soluble  in  w^tcTj 
and  crystallizes.  It  is  now  much  employed  in  mediciiie^ 
Deihg  found  to  answer  all  the  purposes  of  bark ;  and  as  a 
small  dose,  is  necessary,  ,it  does  not  produce  the  unplea- 
sant effects  of  the  bark  powder  or  infusion.  Eight 
grains  are  considered  equal  to  an  ounce  of  the  powder. 

Oxalate,  tartrate,  and  gallate  of  quinia,  are  insoluble. 

The  experiments  of  Pelletier  and  Caventou  have  shewn, 
that  the  pale  bark  contains  only  cinchonia,  the  yellow  bark 
quinia,  but  the  red  bark  (cincluma  obhng^fbUa^)  has 
both,  and  in  all  they  are  in  umon  with  kinic  acid.  Other 
kix^ds^  however^  do  not  contain  either,  and  as  the  fetiriU 
fuge  quality  depends  on  the  presence  of  ohc^  or  oAli^ 
it  is  of  importiLnce  to  be  able  to  know„  by  an  eas j  experi- 
ment, whether  any  of  them  exists  in  a  bark.  Thle  s^ii* 
pleit  method  of  effecting  this  is  by  the  ad£tion  of'iniiii^ 
npn  of  ^alls)  which,  from  the  gallic  acid  it  containfl^  wi)I 


STRYCHNIA,  BRDCIA.  «T 

yluld  a  predpitate,  provided  one  of  theaUcafies  is  present 
If  there  is  no  precipitation, .  neither  is  present,  and  the 
bark  will  be  quite  inert. 

STfiTCHNIA. 

*  * 

Strychnia  Was  discovered  by  PeUetier  and  Caventou^ 
in  the  fruit  of  the  strychnos  nux  vomicOf  and  of  the  itrych^ 
nos  Ignatiay  or  St  Ignatius^s  bean.  It  was  afterwards 
detected  in  the  poison  of  the  Upaa  tree,  (An.  de  Ch.  et 
de  Ph.  X. — XXVI.) 

It  is  procured  by  the  same  process  as  that  followed  by 
Bobiquet,  in  the  preparation  of  morphia,  by  which  it  is 
obtained  in  four-sided  prisms.  It  is  very  sparingly  so- 
luble, requiring  upwards  of  6000  of  cold,  and  2500  of 
hot  water  to  dissolve  it.  The  cold  solution,  though  di- 
luted with  100  parts  of  water,  has  an  intensely  bitter 
taste. .  It  is  one  of  the  most  virulent  poisons  with  which 
we  are  acquainted  ;  half  a  grain,  when  blown  into  the 
mouth  of  a  rabbit,  produced  lock  jaw,  and  proved  fatal 
in  five  minutes. 

It  unites  with  acids,  and  forms  salts,  roost  of  which  are 
soluble. 

In  the  different  species  of  strychnos  it  exists  in  union 
with  igasuric  acid. 

Its  composition^  according  to  Pelletier  and  Dumas,  is» 

carbon,  78.22 

oxigen,  6.83 

hydrogen,  6.54 

nitrogen,  8.92 

BauciA. 

Brucia  was  discovered  by  the  8aiQ6  chemists  in  the 
Srucio,  Anttdf/teniericOy  and  in  minute  quantity  in  St 
Ignatius^3  bean.  It  was  obtained  by  digestion  in  etheT) 
add  afterwards  in  alcohol,  evaporating  the  alcoholic  so- 
ItttioD  to  dryness,  and  dissolving  the  residue  in  water. 
On  the  additicm  of  oxalate  of  ammonia,  oxalate  of  brucia . 
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9m.  V^eBTKaUvAKXHiaSS. 

•d  by  lime,  (An.  of  Ph.  IT.)  ■■•y'Vi'--      ■/.) 

Brucia  is  crystallizable.  It  u  Epariiiglj  B<^nb]«  in 
water,  the  solution  having  adesai'bitter  taste  than  that  of 
strychnia;  it  is  also  poisouous,  but  not  nearly  so  much  so 
aa.strycfuuK.  It  is  decomposed  by  heat,  afTordiog  ilie 
wual  products.  It  unites  with  acids,  and  fori6s>lll|bi^ 
-  According  to  Pelletier,  it  is  composed  of, 
V  carbon,  75.04  ' ;■;"    "'' 

flanw     .H31(( '■       '(_     ?      '■■■        -rm.il   Ijilfi-iHtiljii    lUiW  uliuu 

,           ,          Jiydroffen,  U-oa" .  ,        „ 

-«.lq„„  >d,  „  :  ij;,^  »  -  .  ...»2i.,M  n.v,  t,  „II„. 

t)3fl»'nifnib    ,."i..i,Tj.    *    ,-■     ■.     .■,j;.;r^f.™r{  1-    -t--.^'      -t;-' 

d4  lo    nA)    (Sliau^  pf^Ja  mii'i.'ib  I./uj    .iioijElu- jo 

((  s  y. 

Tbe  berries  of  the  coeeulua  indxcua  (mtmapermttm  cop- 
cuius)  have  been  found,  bj'  4<MiUt7>  ^  contain  a  pecoUir 
principle,^  to  which  the  name  otpicrotoxia  has  been  given. 
n<W^'%«  ^ck«d'  hy  tlib  ad(lititMr«f''kBaimHaito9ifte 
i^sW^th§'b^»^^«suM«^<tlK  {)Kdpiiat«r«iAi'<aU. 
iMAthr,-:^d  dlssblviti^  it'ln  Uoob^  ^am ■tkk^w»hAiam^ir^ 
wriiAfit  IB jrfocittid' byKvapoMtion-        ;    r  j;  (hirf*  rr..-l 

It  is  a  white  crystalline  substance,  a<J(lU»  in  'tftlof  < 
wJt)M'%iltteri-^^ft«»  Wbi^  the  greater  pan  111  depaOtr- 
e£Wttft^tetef»«-MUy«^fiillB.  It  is  0)80  ■bhrt]lc  in  mom 
aKHiAl.  Nitric '  ixAd  ctmverts  it  to  oxalic,  Imtitha  eOer^ 
Mil  tmA"«fSt"^  mmhi  Mut  fitom^At^inhiim  of 
iffllfll,  ltikAfi«^(ritftkiiiMiariMu(twprMuilte4k,4Ai^of^ 

•no3  Ji  jacmiiQ  iwi-.  TD®iis|toA^:"'  ■■'--■  ■/._      iUL-i,  Ju  ^?  -■ 

Delpbia  was  discof^rtt^  ^J  LtWWgiK  and  Fenmlle,  in 
the  seeds  of  the  d^^^um  at<g>iijtittgriay  in  wbicb  it 
exists  combined  witkt»x»lia  lyntjL'nX^ris  obtained  by  tlie 
pvocess  of  Robiquet^fbt  precijH>a|iii»Tby  magnnia,  and. 
K^udon  by  alcohol. 

It  is  a  white  crystalling  p^^^fiu^pce,  ^parently  insoli^ 
Me  in  water)  but  dissolved  by  alcohol.     The  aolation 
itttfAPfMil  «fe4n4tid<t*MlewUunr«o^ifaBi  loholbn 
a  - 


<  Bdlyhui  writat  vWcae^  md.^dnB  nBMnlr« 


(tt  t)ie  f^n^i^  Jtelkidoniia,  aqct  liisj  bet  extracted  from  it  ia 
tlte  usual  way  Ify  mag^netu).  ^t  ii  ^  7bi(e  tutelcss  gcfv- 
<ler,  very  spftringLj,  qtJuble  in  water,  ^ut  dissolved  by 
Tarm  alcohol,  from  whicb  it  is  dej^aited  a«  it  cooli.  It 
unites  with  acids,  and  forms  salts,  all  pf  which,  irbnt 
awallowed  even  in  minute  quantity,  ^reduce  the  unplea- 
aant  effects  of  belladonna  itself,  headache,  diiaipished 
arculation,  and  dilatimi  of  the  ,«apils,  (An.  of  Ph. 
N.  S.  i.)  ' 

■■■'    ■■■■■■■•■    .-■   ■■  .    .".  ■•  'M:-..,  ...1^    :<...-ry..,i  jti, 

*-■  ^    ■  ■•■  -    '■'■■■■■■■•'    ■  ■   VaifJt^fcfj;;     .('-'■■■  .)■■•''■   •van  .  f-wivi: 

VeratnaiwBa^disoovMvd  in  tbe  t«^_^ff;i^vtn^mtit, 
aabadiHaf  i»^  thft  root)  of  tb^  Mmafrumi  ^^m,i  i  ^lAfif'^  < 

Ufa  which  it  is  pro«iUi^iArtt)»i»^#]|>m)^)-(A4^dai<i)l* 
ei<d»'Phn,xifc><i"^  ■■■-afci-.n,.  ■jn:iit:u/i:j  ,iu-u  c.  ^t  iJ 
■  -Ifr'tp'*  adiiU(puliiti(ul«ibMklMnMW7itoMtu|»>Mf^«wli> 
Iwfcwhfto  diawn-i)»A»lbe  wwtriW|iiJihwln>WHfWlWI»W>0i , 
It  has  an  aeifid  taster  and  VbHkMH^tTMi  «ymM.T«ir>Mlifer 
ntite.^auitityy«XQites<painfaldjikneaiandiTWIi>ljMW  It^i^L 
sparingly  aolublfi  in  watec*  b»tjf»flUjf  j*w4xfl4  hjT  'WW- 
alcohol,  the  solution  changing  blues  to  green.  U^nit^) 
with  acids,  and  forms  salts  which  have  in  general  an  en- 
cess  of  acid.  According  to<J?tUetier  and  Dumas,  it  con- 
sists  of 

I-  . ;■,.!■'  ,--  .i,.  ■4„x%euj-  ''"IftW''  "'■  ^"  -■'>•■'■■*'  '■!' 
hyirogteHk  r.^s4f'  ''  I- '■•'■■-'"'•-■■  •'•'I'- • 
nitrogen,  5J)4'  ■■  i-  -  ■■■    ■"  '-'■■'•••i^] 

Felletier  and  Duaiaa-liave  ■hevD»  tM  the  cnwtKyNK 


t6Q  VEGETABLE  ALKALIES. 

perty  of  ipecacuanha,  resides  in  a  peculiar  principle  to 
which  they  have  given  the  name  of  emetia.  It  is  obtain- 
ed from  the  decoction  of  the  root  in  the  usual  way,  by 
precipitation,  by  means  of  magnesia,  and  solution  in 
warm  alcohol. 

Emetia  is  a  white  pgwder^  sparingly  soluble  in  cold, 
but  easily  dissolved  by  warm  water.  It  is  soluble  also 
in  alcohol,  but  ether  does  not  act  on  it.  It  fuses  at  122. 
It  enters  into:  uniotl  with  a^ids,  md  forms  salts,  but 
which  have  not  yet  been  obtained  crystallized,  (An.  of 
Ph.  xi.) 

According  to  the  above-mentioned  chemists,  it  is  com- 
pos^ of 

carbon,  64.57 

oxigen,  22.95 

hydrogen,        7-77 
nitrogen^  4.00 


<  '  (Besidet  tHe  vegetable  alkalies  already  desoribed,  dtbef^ 
hlive-alsD  been  mentioned,  as  hjfaseiama,  existing  in  tli^ 
hyosciamus  niger;  sciania^  in  the  solanum  dulcamara. 
Vheve  is  every  reaaon  to  believe,  also,  that  the  ildtive 
qualities  of  the  digitalis  purpurea^  arnksm  maemlakm^^Mi 
•ome  others,  reside  in  alkaline  bases* 
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PART  lY, 


ANIMAL  CHE&USTRY. 


1  > 


SECTION  I. 


jcmniMAL,  like  vegetable  matter,  is  composed  of  few  ele- 
mentary ingredients ;  indeed,  with  the  addition  of  nitro- 
gen, they  are  the  same,  but  this  is  sufficient  to  give  them 
properties  by  which  they  are  easily  distinguished.  The 
presence  of  nitrogen,  for  instance,  causes  them  quicklj  to 
fun  into  putrefaction,  and  in  general  withoni  passing 
through  the  vinous  or  aoetous  stages^  and  durii^.  the  de- 
composition ammonia  is  always  eTd?ved. 

The  chemical  history  c^  the  animal  kingdom^  may*  be 
4mded  iato  two  parts. 

1^  Of  the  proximate  piineipBes*  -  m    ,    {f 

-  9dj  Of  the  different  solids  and  fluids,  whidi,  with  a 
few  saline  ingredients,  are  made  up  of  the  substances  to 
be  treated  of  in  the  first  section. 

Before,  however,  proceeding  to  the  description  of  them, 
A  great  deal  of  useless  repetition  will  be  saved,  by  a 
short  account  of  the  general  properties  of  animal  matter. 
'  When  animal  matter,  as  flesh,  is  subjected  to  distiila- 
Uon,  it  affords  a  watery  fluid,  an  empyreumatic  oil  of  va- 
rious degrees  of  consistence,  liquid,  and  concrete,  carbo- 
nate of  ammonia,  with  acetic  acid,  and  carburetted  by* 
drogen,  having  a  disagreeable  smeU.  The  residue  is  car- 
bon, with  carbonates  of  potass  and  soda,  and  phosphate 
of  lime,  with  occasionally  iron  and  manganese. 
.    Water,  when  aid^  by  lieat»  dianlYCS  a  oonsidfindile 


i 


.m  whea  anuB^W  of  ijef4  W»P»>WJ><^^ 
the  results  are  cUff^/^t .  frouft  ^ofje ,  ^J35f^j|l?p«^f*^^ 
^ -The' cbajD^geiB  wl^fh  pcf lu^r ,  yD4e^  ^se  ;ff^fpjfflgj^^ceib 

wece  firrt  nptic^  in  >Fari%.ii^  1786^    pR  ^PW^ 
rflf  a  buriij-gyound,  in  .iTJ>»pJ»!ft^!\^.l<W0;4^^ 
liad  been  buried,  it  was  found  that  almost  the^^^j^^j^^^i^fs 
iOWvertad  to  H.  «apppai»gi^  f^)b^^^ 
fy/dls  which  iwltcdlikf  UiUoy^  aff^  9I^jboo1|ij^  R^BfW^ 
(^QVyflUUiae.    When  exposed .  to  #,  44^  ^^P^ii^ff^  ?* 

^'^aTC.putthe.oiJoyr  pf  aniinim^,  (  X^,  w^^ 
produced  bj  acid,  had  all  the  appearance  of^fgj^fE^if^ 

Mug  fiiVhle  ia  Mwho^awdiuw^  ^^/t  X^*^ 

;>^(lwoe.>    A«co|^i^  to  Cb^^ui}^^H,oaflt^i^^  iFS'WS^ 

^  .  4.,«u»»frtaiicp,,«f  II,  ainular  latHie  pf»jr  fo  ||^ri«^ Jtv 
,)lf»iifWig,  smMd  ,;nrtt«af  to  .und^i;^  j^i^^^^i^  .ja^ 
niyupUgr,  af^^,^if^pQting  it,  tp  ibe  /^tfo%;(»f  yij^tf^,^ 

h  ,,ya^QW  «>f«pft  are,  resor^  to  f(Mr,j[«t«i:4|off:ii"KH^ 
',|l^n^EtH#^4,  «mdiietipa  of  .twBip«*S^»»rf  («  ^^-f^e 
,M08t  fil9ii^af^».,.Me^  fiiheo  pttt>to,|nofrj?)[^^fl«y 


o 
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ooontries,  also,  a  store  of  provifions  is  laid  up,  rarrofnidU 
ed  by  snow,  in  which  «tate  it  remams  till  required  fcr 
use.  Depriving  animal  matter  of  its  moisture,  i*  anotlm 
mode  of  preventing  putrefaction.  We  find,  accordingiy^ 
that  dried  fish  may  be' kept  for  a  long  time.  In  some 
countries,  it  is  also  the  custom  tocut  flesbinto  thin  slioe^ 
and  dry  it  gradually,  by  which  it  may  be  preserved  till 
provisions  cannot  be  otherwise  procured. 

There  are  many  substances  that  retard  putffcfactioi^ 
■ome  of  wUcfa,  it  is  supposed,  act  merely  by  ^absorlring 
the  moisture  of  the  animal  matter.  The  most  powerful 
of  these  is  common  salt,  which  is  used  in  great  quantity 
for  preserving  butcher's  meat,  fish,  butter,  and  many 
other  articles.  Of  late  pyroligneous  aoid  has  been  highly 
recommended  for  this  purpose.  It  is  even  said  that  it 
will  render  sweet,  animal  matter  that  has  become  putrid. 
In  using  it,  the  meat  is  merely  dipped  in,  and  almost 
instantly  removed.  Should  it  have  become  putrid,  it 
may  be  left  in  for  a  few  minutes. 

Other  means  have  also  been  practised  for  preventing 
putrefaction.  The  complete  exclusion  of  air,  it  is  well 
known,  retards  it ;  hence  the  custom  of  rubbing  eggs  with 
salt  butter,  and  of  keeping  them  in  lime  water.  Flesh 
is  also  sometimes  preserved  in  this  way ;  for  which  pur- 
pose it  is  put  into  a  cask,  afterwards  made  as  air  tight 
as  possible.  It  has  been  found  also,  that  by  boilingmeat 
for  some  time,  and  then  putting  it  into  barrds,  it  may 
be  kept  long  without  putrefying;  and  hence  a  practice 
-  often  resorted  to  in  long  voyages. 

From  what  has  now  been  said,  it  is  evident  that  the 
'  elementary  ingredients  of  the  animal  kingdom,  are  car- 
bon, oxigen,  hydrogen,  and  nitrogen ;  but,  in  addition 
to  these,  there  are  also  saline,  earthy,  and  metallic  mat- 
ter, as  sulphates,  phosphates,  and  muriates  of  potass,  so- 
da, lime,  and  iron. 

Guy  Lussac  and  Thenard,  from  their  researches  into  the 
intimate  nature  of  animal  bodies,  have  concluded  that 
they  contain  more  carbon  than  exists  in  vegetables,  and 
that  thehy4vogien  is  always  in  greater  proportion  than  will 
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form nKtter iWith. the  oxigeo ;  but  ea^.ixii£LddUioa>  to.  the 
demeots  of  vegetables^  there  ia  akoiniUPogeD,  it  hofr  been 
found  that  the  g^reater  the  excess. of  by d|:70gen^i  tile  moire 
nitrogen  tbey' contain,  so  that  ammonia  is<oneiof  Abe ipn»- 
ductsof  their  decompositiom  Wfaen^  the  hydrogen,  ^h 
just  inauch  piroportion  as  to  convert  the  oxigen  mto^snu 
ier,  land  the .  nitrogen  to  ammonia,  tbej  ob^erv^  that 
the  animal  matter  vas  neither  add  noc  fideaginom^  /aii4 
hence  the  division  suggested,  bj  libemyinto,         i^  a:  [ 

1«^,  Animal  matter^  not:  i^cid  or  oleaginous^'    -  y> 
,..     w...S^' Animal  acidK-  :    ^'  .:  .- •     ■■     '      i.'v.uri^    .li 
/  •■  Mi.'.Srf,  Animal  oils^   ■:  •        .;•.--  ')uiV'-'.        -oi'Mv 
^  To  the  first  class  belongs  the  greater  nunMbe9D4ifi;j^hoi^ 
iHicUes  strictly  called  AwQ^l  Prjncipres#     .^  >1  .utd  I'jiiu 
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SECTION  II.                       ;' 
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'ThA  airilinal  pfrindlples  may  bfe  flividedlhto  kwo^cliga^ 

1^^,  lliose  tW  oi'cur*  dispersed  tferoujgK^ 
*They  are  gelatin,  albumen,  fibrin,  mucus,  osmazome,^  apd 

4ef,  Those  that  are  feund  in  particular  solids  or'  fl^Idk 
and  in  these  only.  They  are  picromel,  cho1estenne,'ana 
ambergris,  existing  in  bile;  sugar  of  milk,  butyftli.^  kici^ 
casein,  in  milk ;  urea,  and  uric  acid,  in  urine. 

The  first  class  otily  will  be  described  in  this  seraon. 
The  second  will  be  considered  along  wikh^'t&^ei^'fe- 
stances  to  which  they  are  peculiar.  , <« . . i . » 


Qelatiit. 


.  .1-  // 
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When  an  animal  i^bstance,  particularly,  skio  or^.any 
cartilaginous  part,  after  l>eing  w^ell  washed,  it  boil^ila 
wiittarr  for  a  considerable  time,  a  semi^traoaparent  .ada- 
tiMi  is  fiumedy; which,  when  evaporated  and ;>alio«ad'to 
cool,  becomes  a  tremulous  mass  called  jdiijf^  Jf  iliii  be 
again  heated,  it  is  mdted,  and,  od  continuiBg^  'thttiVeat, 
the  whole  of  the  water  ifr  evaporated,  and:  a  hairdiaoKd 
miUter  remains,  which  \AgdaiMW        >  ^      t  i  '  ,'^  juiai  a\ 

Though  gelatin  may,  and  frequently  is^  (pirbcntf^ihgr 
the  process  mentioned,  yet  'it  is  not  pure«r  OShe  iflfatooe 
from  which  it  is  obtained  in  the  greatest  state  of  pttcifyt 
\%A9inglaBs ;  and  from  it  its  properties  hava  boen^iii^  g^ 
neral  described*  .   mi. -.  r- *»..  iL»i.^-         i     l.ina;t  :^iiri<f 
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Gdatiji  is  a  hard  brittle  substaDce,  ioodoroiis^  insipid, 
and  ccdoiirless.  When  exposed  to  heat^  it  crisps,  soon 
becomes  black,  and  is  completely  charred.  When  heatad 
in  close  ressels,  it  afibrds  a  watery  fluid  containing  am- 
moaia,  and  a  fetid  eynpyneiiBfatiajDil' 

It  has  been  analyzed  by  Gay  Lussac  and  Thenard,  by 
iiHining  it  with  chlorate  of  potass.  It  is,  according  to 
them,  comp0«Dpl  pf,  j  >  /  i  U  5     :  ;  i/  *  /  , 

carbon,  47.881,     probably  15  atomsj 

oxigen,  27.207,        — — -      6  atoms, 

hydrogen,  7^914         ■■■'       14  atoms, 

nitrc^en,  16.998        ■■   ■         S  atoms, 

lyjien  gel^tip  is  pwt  intp  <?cJd  y^t^^ilt^  ff}^te^s^nfd 
siiircjjis^  but  is  not  dissolved^   .  iWhen  tl|e  llliipl  ja|bo^i€)d,  a 
ftfplution  is  formed,  the  co^HiBtenice  |^  wQJQh  aej^nd^-on 
the  quantity,  and  whicli,  when  evaporated,  ytelas  4he 
printciple  unchanged  in  it$  proper^ie^^    ,  Acoofding  to 
jBostock,  when  it  contains  1-lOOtb  part  <>f^gelatj|0,  it.  will 
(gelatinize  on  cooling;   but  when,  there , is  on|y  abput 
i^lSOth,  it  does  not  become  concrete/ 
^   T^be  strong  solution,  and  which  b^  oongea}ed  oq  fook 
:^)g,  m^iy  be  kept  almost  fny  time  iirithoiit  undergoii^g  a 
change ;  but  the  weei;,  .one  becomes  901:^1^  andenu^s  an 
4>ffensive  odour. 

When  dilorine  gas  is  <p(|iss^di  through  the  tolutibn,  a 
white  flocculent  matter  is  separated,  which,  when  exposed 
vlD^aii^  beaemes  « <dry  powder^  inscihibiei  in  iwnleiry^iH  so- 
(iubl0<<hi  warih  nitric  iK»d.  .,<it(tonsistsiapparentlyi4)£  ge- 
httiaoL  in  WBOQ  with,  murialiiciadid  add  chlorine:  When 
«i^ofed  to  hftat,  chloraur  ges>is  emiMed^^nd^with-  alkalies 
dt  forms  iniiisiaies.  <.,-.■,,  ,>..o    i.>.. 

^* '  The  acids^  though  diluted,  act  4m  gelatin*  >   Nitric  >iieid 
tAaoiwpouLS  it ;» tnilrieoxid  is  disnigaged,  and  a 'Sbluiion 
is  formed,  which  contains  oxalic  cmd  malio  acids,  witli'an 
^^ly»4Md4Dat]ng  on  its  enrfice.  >  >i 

»'*  tMuriaiic  Imd  acetic  acid  dissolve  it  without  decompo^i 
#itiaii|.  •<\.ii>)<  ■.      M 

t7-  The  )ao4iaiyimyft!  sulphuric  acid  is  poculiar,  a  aolutioa 
bein^  li^med,  *  ftQia  which  s^^xharine  nalter  aan^ba  "^ab^ 
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toined,  as  at  first  pointed  out  by  Braoonnot,  (Ao.'^  Ch. 
€t  Ph.  xiii.)  For  this  purpose,  12  parts  of  geladn  mte 
kept  in  twice  their  weight  of  add  for  twenty-four  hours, 
and  then  mixed  with  about  6  times  their  weight  of 
water,  the  mixture  boiled,  and  saturated  with  chi^L 
After  filtration  and  evaporation,  crystals  having  a  sweet- 
ish taste  are  procured^  but  which  differ  from  common  80- 
gar,  in  being  more  easily  crystallized,  in  not  fermenting 
with  yeast,  and  in  yielding  ammonia  by  their  destructive 
distillation. 

Gelatin  is  dissolved  by  alkaline  solutions.  The  com- 
pound formed  has  none  of  the  properties  mi  soap,  and  is 
not  decomposed  by  acids ;  by  which  it  is  distingni^ed 
from  other  animal  principles. 

The  earths  do  not  produce  any  change  on  gelatin.  The 
metallic  oxids  and  their  salts  are  very  little  affected  by 
it.  The  solution  of  nitrate  of  silver,  and  nitro-mutiate 
of  tin,  become  slightly  opake.  Sub-acetate  of  lead  is  not 
altered  by  it. 

Gelatin  is  not  dissolved  by  alcohol ;  accordingly,  when 
its  concentrated  watery  solution  is  mixed  with  it,  a  jprt- 
cspitate  instantly  appears. 

-  The  most  important  action  of  gelatin  is  with  tamiin. 
When  an  infusion  of  nut-galls,  or  of  any  astringCTt  mad* 
ter,'  is  added  to  eolation  of  isinglass,  a  whidsb  prec^i- 
tate  is  formed.  If  strong  infusion  be  employed,  a  tough 
dftstio  substance  is  thrown  down,  which,  wheto  dry,  be- 
ooBoes  hard  and  easily  broken.  •  The  precipitate  li'a  eoift- 
poond  of  gelatin  with  the  astringent  principfe,'a  ianmufei 
ofgdoHnjWoA  it  was  at  one  time  su](^sed  that'tiiis 
might  serve  as  a  means,  not  only  of  indicating*  the'  pre- 
senoe,  but  of  ascertaining  the  quantity  bfthe^  aniinal 
matter  in  the  fluid.  Other  substances  are^iid%i«£rv«,'{itffc^ 
cipitated  by  tannin,  such  as  albumen.  Of  coatsej*  bfjbrfe 
we  can  employ  it  as  a  test  of  gelatin,  it  is  nlsceMarjr  to 
remove  these,  which  can  be  easily  done  by  the  jMif^WT^- 
^ents.  Though  tan  may,  with  these  precautioflfl^«'lie 
used  as  a  test,  it  cannot  be  enlployed  to  indiMli  the 
quantity  of  gelatin,  the  compositkm  of  dieiyM^AiMe 
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varying  appac^atly  according  to  the  Atrength  of  the 
lutions.  .  1  '  ^ 

/ :  If»  instead  of  mixing  the  fluid%  the  gelatin  in  any 
^giimal  solid  be  kept  in  an  infusioQ  of  tan,  the  union  is 
ako;  effected,  though  more  slowly.  Hence  the  art  of  tan- 
ning,, which  is  merely  uniting  astringent  matta:  with  the 
gelatinous  part  of  skins^  by  which  they  are  gradnally 
converted  to  leather,  a  substance  insoluble  in  water,  aod 
not  liable  to  undergo  decay.  Oth^r  methods  are  also, 
practised  in  the  preparation  of  certain  kinds,  the  desorip^. 
ticm  of' which,  though  not  strictly  connected  with:  the>  ac- 
tion of  tan>  may  be  introduced  in  this  places  • 

For  converting  skins  into  leather,  different  processes 
are  followed,  according  to  their  nature^  and  the  icind/af 
leather  required ;  as  tannings  or  causing  tbemi  to.  unite 
with  astringent  vegetable  matter;  taaringf.  ov  soaking 
them  in  alum  and  other  salts,  with  some  animal  substance; 
and  cturryingy  or  besmearing  them  with  oil  to  rendev 
the  leather  soft,  and  impervious  to  water.  These  processes 
are  often  performed  on  the  same,  skin*  by  which  the  lea- 
ther is  fitted  for  more  purposes.  The.  thick  hides  of 
which  the  soles  of  shoes  are  made»  are  merely  tanned, 
whijle  the  white  kid  glove  leather  is  tawed.  That  for  the 
upper  leather  of  boots  and  shoes,  is  both  tanned  and  cud- 
dad,  and  the  fine  Turkey  leather  is  first  tawed,  asidafte»« 
wards  tanned.  v  .^ 

When  the  skin  is  to  be  tanned,  after  being  freed  frooti 
impurities,  it  is  put  into  a  pit  with  lime  water,  for  some 
days*  by  which  the  hair  is  loosened,  and  ia  easily  removh 
ed}  but  as  tiielime  makes  it  hard*  it  is  necessary  to  soften 
it ;  for  whieb  purpose,  it  is  put  into  the  nutstering  pit^ 
containing  water  and  dung,  chiefly  of  pigeons  or  fowls, 
where  at. continues  for  some  days,  the  time  depending  on 
it«,  Abickn«w» 

,.:When>  tlNB.  skins .  are  very  thick,  they  are  sometimes 
subB»i4t^  to :  another  process  ;  a  number  of  t^em  are 
hdpped  4sgetb€9r  in  awarm  place,  so  as  to  cause  a  slight 
piitrelactioi^  aftea  whs^bt  the  hair  ia  removed,  in  general 
withftH^ jwOTmring  tfatsaobithe lime pit^i as  this imsld 
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AA/dafc  baskcontaiDa  a  miaiber  of  other  tubstaiufie^ 
bafldev  ijm  aalrkigent  inattfir»  iSta\  quality^  of  tki  leathai  > 
cbpends^  in  a  great  meastnre,  dn  die  node,  ia  whi^ .  Ibr 
inlbsioBa  ard  made.     Que  of  the  ingnedieikls  of  bavkia 
estktackf.  which  is  soluUe,  hut  not  so  much  ao  as  tiia  as- 
tringent matter^     Skin  baa  the  piopertj  of  absorbiiig 
thfc^  by  .whicb  the  leather  >prQ|)ably  acquires  its  cololtr 
and  flexibility!;  if,  therefore^  the* tan  liquor  be  somadc^ 
that,  it  Qontains  little  of  the  extract,  thd  leather  prepared « 
magr;  absorb^  a  gkreat  deal  bf  the  aiitringent  prineiple,  and 
tlma  become  *brittk»  and  more/  liaUe  to  craclu    Hence , 
Khdiy  the  conse  of  that  maaufacturedln  the  French  mt^j^ 
not  being  so  durable  as  the  other,  for,  by  the  method  cif  ^ 
forming  the  tanning  fluid,  mudi  of  the  astiJngeoA  ai^  UtUo  < 
of  the  extractive  matter  is  disaolved.    Besides^,  wdh^  the 
pvoceaais  carried  cnqukkly,  the  oul^r  part  of  the  dun 
only  is  converted  into  leather,,  because,  this  being  speed!h  { 
ly  tanned^  poevents  the  flwud  from  penetmting  any  Ush 
ther. 

.The  great  ofa^tsto  be  attended  to»  then,  in  tannings 
are^  to  procure  ibonL  the  bark  as  much  of  the  sdiuUo 
matter  as  possible ;  and  could  some  means  be  devised  by  -i 
which  the  skins  could  be  made  i  to  imdbibe  this  quicUy,) 
and  uniformly,  a  great  deal  of  labour^  time,  and  money,  * 
would  be  saved.  Oa  this,  is  founded  the  patent  procesa 
of  fipilsbury,  which  consists  in  forcing  in  the  tan  liquor 
by  pressure ;  but  though,  the  tan  is  thus  quickly  imbibed^ 
the  leather,  it  is  said,  is  not  durable,  the  skin  not  being 
umformly  tanned. 

The  ianing  gt  skins,  by  which  they  are  also  convertedi 
into  leather,  is  more  speedily  accomplished  than  tanning. 
The  skins  ttifajected  to  this  process,  are  those  of  goats, 
sheep,  lamb^  and  other  thnihides,  by  which  ^2cwr2fa^A^» 
and  that  usually  called  morocco^  are  prepared*  Whoa3< 
the  leather  is  to  be  white,  it  is  merely  subjected  to  taw^-. 
ing ;  but  when  intended  to  be  dyed,^  it  idso  receives  a 
sli^t  tanmingj 

Tawing  oonsistB  in  soaking  the  skins,  previously  fbeed 

of^inpncttiei^  jm  ia  watm  aolajtion  of  alum  and  oonuooa 

•        ■  - 
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boUl^t along  with,  pieces  of  gkln»  previoualy. washed 
with  warm  water,  to  dissolve  the  Ume  employed  in  taking 
off  the  hair,  and  to  remove  the  loose  gelatin ;  thlB  skill 
being  dried,  and  weighed  before,  being  put  into  the 
bottle.  LeaviAg  them  there  for  a  few  hours,  turning 
them  frequently,  the  whole  of  the  tan  will  unite  with 
the  gelatin,  and  thus  qoqyert  .the  skin  into  leather,  so 
that,  by  drying  it,  and  weighings  we  find  the  quantity 
of  tan  that  existed  in  the  infusion,  of  course  of  100 
grains  of  the  astringent  matter,  (An.  of  Ph.  N.  S.  xL) 

Gelatin  is  procured  from  different  pfrts  of  the  body^ 
these  affording  different  kinds  of  it,  or  rather  articles 
containing  it,  but  mixed  with  other  substances.  They 
are  glue^  isinglass^  and  size. 

Glue  is  procured  by  steeping  skins,  bones,  flesh,  and 
the  cartilaginous  parts  of  animals  in  water,  the  skins  par- 
ticularly of  young  animals  being  considered  the  best.  To 
obtain  it,  after  being  soaked  in  lime  water,  to  remove 
impurities,  they  are  washed,  and  afterwards  boiled,  the 
scum  as  it  rises  being  removed.  Alum  in  powder  is  next 
added,  and  the  solution  is  str&ined,  and  boiled  to  the 
proper  consistence,  the  scum  as  before  being  taken  off. 
When  sufficiently  evaporated,  it  is  poured  into  moulds, 
in  which  it  congeals,  and  is  then  cut  into  thin  slicesi  and 
dried  in  the  air. 

Tnnglass  is  the  dried  sounds  of  fish,  particularly  of 
sturgeons.  They  are  merely  washed  in  cold  water,  and, 
afk^r  being  deprived  of  their  outer  covering,  and  cut  into 
small  pieces,  are  dried  by  exposure  to  air. 

Sizty  the  substance  used  by  painters,  is  prepared  by 
boiling  in  water,  pieces  of  parchment,  of  skins,  and  fins 
of  fish,  and  evaporating  the  solution  to  a  proper  consist- 
ence. It  differs  from  glue,  in  containing  fewer  foreign 
ingredients,  and  in  not  bein^  so  strong. 

The  use  of  gelatin  in  preparing  leather*  has  been  al- 
ready described.  It  is  from  the  ease  with  which  it  is  ^ct» 
ed  on  by  astringent  matter,  that  it  is  employed  also  for 
clarifying  fluids,  either  with  the  view  of  removing  foreign 
impurities  floating  in  them,  or  to  carry  off  some  of  th^ 
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substance  in  solution.  Hence  its  use  in  clarifying  coSee^ 
which  contains  not  only  an  astringent  matter  in  aolutioD^ 
but  also  undissolved  matter  floating  in  it,  and  for  this 
purpose,  a  piece  of  isinglass  or  fish  skin  is  used. 


Albumen. 

Albumen  may  be  procured  by  the  maceration  of  diffe- 
rent parts  of  the  animal  body  in  cold  water,  but  by  this 
.process  it  is  not  pure.  The  substance  that  yields  it  in 
the  greatest  state  of  purity,  is  the  glair  of  an  egg,  which, 
though  it  contains  a  few  foreign  ingredients,  as  sulphur, 
is  su£Sciently  pure  for  exhibiting  its  properties. 

As  thus  procured,  it  is  a  thick  fluid  with  a  slight 
taste,  but  destitute  of  smell.  When  kept  for  some  tim^ 
it  undergoes  putrefaction,  but  when  spread  thin  on  paper 
and  exposed  to  air,  it  dries,  and  may  then  be  preserved 
without  putrefying. 

When  albumen  is  subjected  to  a  heat  of  about  I6O9  1^ 
coagulates,  and  forms  a  white  mass,  difl*ering  in  consist- 
ence according  to  the  temperature,  or  rather  to  the  time 
the  heat  has  been  applied.     If  long  continued,  it  loses 
considerably  in  weight,  only  about  l-5th  of  the  original 
matter  remaining.     The  residue  does  not  become  fluid, 
as  it  regains  its  original  temperature ;  and  it  is  Insoluble 
Jn  water,  shewing  evidently  that  its  properties  are  com- 
pletely altered.      If,  however,  the  albumen  be  heated 
cautiously,  taking  care  that  the  temperature  does  not 
reach  that  necessary  for  its  coagulation,  it  becomes  dry, 
,but  may  after  this  be  dissolved  in  water ;  and  hence  the 
method  of  preparing  the  substance  much  used  as  a  cltm- 
Jier  of  wine  and  other  fluids,  (Quart.  Joum.  xv.) 

When  the  heat  to  which  albumen  is  subjected  is  high, 
it  is  decomposed,  and  afibrds  the  usual  products.  Ac- 
•corduig  to  the  French  chemists,  it  is  composed  of 


carbon,        62.888 1 
oxigen,        83.872 


17  atoms 
6    do. 


hydrog««,      XSIO    P~^"y      1.8     do. 
nitrogen,     16.706J  %    do^ 
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Br  Prout  has,  however^  given  a  different  view  of  its 
eonstitution,  (An.  of  Ph.  xiii.)  It  is^  according  to  hinii 
composed  of 

carbon,        15  atoms 

oxigen,  6     do. 

hydrogen,    14     do. 

nitrogen,  2  do. 
Now,  if  this  be  correct,  it  is  of  the  same  composition  as 
gelatin,  as  noticed  bj  Gay  Lussac  and  Thenard,  which 
would  lead  us  to  suspect  some  error  in  one  of  the  analy- 
ses, or  if  correct,  though  the  relative  proportion  of  atoms 
is  the  same,  their  number  must  be  different. 

Albumen  is  soluble  in  cold  water,  and  if  the  quantity 
of  fluid  is  not  great,  it  becomes  solid  on  being  heated.  If 
die  solution  is  weak,  it  is  rendered  only^opake;  but  when 
largely  diluted,  it  does  not  undergo  any  change.  Ac- 
cording to  Bostock,  if  it  contain  only  l-lOOOth  part  of 
albumen,  it  loses  its  transparency  when  heated,  and  hence 
this  affords  a  very  good  test  of  its  presence. 

If,  instead  of  using  cold,  we  employ  warm  water,  the 
albumen  is  instantly  coagulated,  in  the  same  way  as  on 
the  application  of  heat  alone. 

The  stronger  acids  also  coagulate  it  Nitric  acid  Etnt 
coagulates,  and  then  forms  a  yellow  solution.  The  action 
with  sulphuric  acid  is  peculiar.  When  poured  into  it, 
it  is  at  first  coagulated,  but  afterwards  gradually  dis- 
solved, the  solution  acquiring,  particularly  on  the  appli- 
cation of  a  little  heat,  a  rich  red  colour.  If,  however, 
too  much  heat  be  applied,  the  colour  becomes  dark 
tiTown. 

The  fixed  alkalies  gradually  dissolve  albumen ;  provid- 
ed heat  is  applied,  ammonia  is  disengaged,  and  a  sapo- 
naceous compound  is  formed.  If  the  alkaline  fluid  is 
much  diluted,  the  action  goes  on  very  gradually. 

Albumen  is  easily  affected  by  some  of  the  alkaline, 
but  particularly  by  metallic  salts.  When  ferro-cyanate 
of  potass  is  added  to  its  solution  in  water,  there  is 
an  immediate  formation  of  a  whitish  precipitate,    and 

sS 


t     k. 


ALBUMEN.  «7T 


powerfuU;  attracted,  so  that,  by  the  remoTftl  of  that  n^ 
cessary  Bor  die  ^uidity,  the  albums  became  scdicL 
r  •  Albumen  ir  precipitated  from  its  solution  by  tannin, 
the  colour  and  consistence  of  the  precipitate  depending 
on  the  stren|^th  of  tlie  fluids.  Since  tannin  throws  down 
both  gelatin  and  albumen,  it  is  evident  that  it  cannot  be 
ismployed  as  a  test  of  either,  without  previously  remov- 
ing one  of  them.  This  is^  however,  easily  done  with  the 
latter,  by  means  of  corrosive  sublimate,  which  does  not 
itfiect^thefornfer ;  so  that,  should  th^e  be  season  to- sus- 
pcctrihe  ^presence  of  both,  the  fluid,  after  being  heated, 
must' be  mixed  'with  the  solution  of  the  metallic  salt,  and 
Altered.  If,  after  this,  tan  throws  down  a  precijntat^  it 
must  be  gelatin. 

Albumen  exists  in  different  parts  of  animals^  as  car* 
tilage,  bones,  horns,  hoofs,  flesh,  and  the  membranous 
parts.  It  Exists  also  in  considerable,  quantt^  in  blood, 
from  which  it  is  usually  procured  when  required  in  the 
.arts.  '«xr^  -    :i.' 

From  the  properties  which  it  possesses  of  being  coar> 
gulated  by  heat,  it  is  employed  for  clarifying  fluids,  as 
in  the  refining  of  sugar,  ($ee  p.  161.  J,  and  in  many  other 
processes.  When  used  for  nice  puiposes,  and  required  in 
small  quantity,  white  of  eggs  is  employed;  but  for 
others,  particularly  on  a  large  scale^  bullocks^  blood  is 
used.  When  either  of  these  is  put  inta  a  warm  fluid, 
liie  albumen  is  coagulated,  and  entangles  impurities; 
and  as  the  seum  rises  it  is  removed,  so  that  the  whole  %t 
the  fcHreign  matter  may  be  separated.  Albumen  acts  inthe 
same  way  also  in  clarifying  spirituous  liquors.  When,  for 
jniatance,  glair  of  egg  is  added  to  wine,  or  to  any  cordial, 
the  albumen  is  doagulated  by  the  dUiohol,  md,  entapf^lng 
the  impuiitieo^  carries  them  to  thib;  bottom* 


Fj^BIH. 


: .  When  a  piee*  of  flenh  ha»  be«ttrqie«tedly'l»Mhed  .to 
cottract  the  aUnimen;  and  boUed  io-  duwlve  tb«  «cdatiiiy  - 
a  tough,  fibroiUfintolablie  substance  is  left,  whidi  is  fibrin, 
but  not  pure,  being  mijwdwitlk  die  «eUMUc  matter,  «o4 
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with  the  coats,  of  the  veBsels  and  nenres.  Fibria  mayi 
however,  be  obtained  pure  from  blood*  by  stirring  it  with 
a  rough  piece  of  wood,  before  it  has  begun  to  coagulate, 
by  which  it  adheres  to  it,  and  may  be  freed  from  any 
impurities  by  washing.  The  pcdypous  matter  found  in 
the  cavities  of  the  heart,  and  large  vessels,  ia  also  pure 
fibrin,  being  merely  the  fibrinous  part  of  the  blood,  8e> 
parated  either  when  the  person  is  in  artieulo  moriii^  or 
immediately  after  death. 

Fibrin  is  a  tough  white  elastic  substance,  destitute  of 
smelL  When  exposed  to  air,  it  becomes  dry  and  hard, 
but  does  not  undergo  any  particular  change.  Even 
when  subjected  to  air  and  moisture,  it  does  not  seem  to  be 
altered,  provided  it  is  pure,  but  when  not  entifdy  freed 
from  impurities,  it  soon  runs  to  putrefaction. 

When  subjected  to  a  moderate  heal,  it  becomes  dry 
and  wrinkled,  and  if  the  temperature  be  high,  it  melts, 
and  exhales  the  odour  of  burning  feathers.  When  heat- 
ed in  close  vessels,  the  usual  products  are  given  off.  Ac- 
cording to  the  analysis  of  Gay  Lussac  and  Thenard, 
who  have  analysed  it  in  the  usual  way,  it  is  composed  of 


carbon. 

53.S60 

Pratafaly 

18  atoms. 

oxigen, 

hydrogen, 

nitrogen. 

19.685 

T.oai 

19.984 

5    do. 

14    do. 

3    do. 

Fibrin  is  insoluble  in  cold  water,  but  when  boiled  in  it 
for  some  time,  it  becomes  shrivelled,  and  seems  to  have 
undergone  a  change,  for,  cm  the  evaporation  of  the  fluid, 
a  residue  is  obtained,  whidi  is  soluble  in  cold  water. 

The  acids  act  easily  on  fiMa.  When  put  into  nitric 
add)  it  is  dissolved,  and  nitric  oxid  and  nitrogen  are  dis- 
engaged.  When  the  add  is  diluted,  the  action  is  mode- 
rated, nitrogen  alone  is  set  free,  and  a  yellow  coloured 
fluid  is  formed,  on  the  surface  of  which  a  fatty  matter  is 
found  floating.  As  the  digestion  is  continued,  the  fibrin 
is  gradually  converted  to  a  yellow  substance,  which,  ao. 
cording  to  Beradius,  is  nitric  and  malic  4uad,  faoldiog  in 
scflliifion  flbrin,  but  wmaAam^imed. : 
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Sulphuric  acid  decomposes  it»  depositing  a  corbona^ 
ceous  residue.  When  the  diluted  acid  is  poured  on  itj 
a  solution  of  a  reddish  colour  is  fcmned. 

Muriatic  acid  also  acts  on  it,  causing  the  evolution  of 
nitrogen  gas,  and  a  hard  substance  is  left,  which  is  inso* 
luble  in  water.  Acetic  acid,  with  the  aid  of  heat,  softens 
fibrin,  and  forms  a  tremulous  jelly,  which,  by  the  addi* 
tion  of  water,  is  decomposed,  and  nitrogen  is  evolved. 
The  solution,  when  mixed  with  an  acid,  affords  a  precir« 
pitate,  which  is  a  compound  bf  fibrin  and  the  acid  ein- 
ployed. 

The  alkalies  dissolve  fibrin,  but  it  is  at  the  same  time 
decomposed.  When  put  into  aqua  potassse,  it  becomeflr 
soft  and  swells,  and  is  at  last  dissolved.  The  solution  hk 
of  a  greenish  colour,  and,  on  the  addition  of  %ui  add, 
affords  a  precipitate,  differing,  however,  from  fibrin,  in 
not  being  soluble  in  acetic  acid. 

Alcohol  and  ether  decompose  fibrin.  When  they  are- 
kept  on  it  for  some  time^  it  is  converted  to  a  substance 
similar  to  adipocire.  The  alcoholic  fluid,  on  evapora- 
tion, also  yields  a  fatty  matter,  generated  by  the  decom- 
position of  the  animal  principle.  The  adopocirous  matter 
is  soluble  in  alcohol,  from  which  it  is  precipitated  by 
water. 

Fibrin  exists  in  muscular  fibre,  and  in  Uood,  from 
which  it  is  obtained  by  the  processes  described. 

It  is  not  put  to  any  use. 

Mucus* 

The  term  mucus  has  been  generally  employed  in  radier 
a  vague  sense ;  but  Dr  Bostock  has  lately  applied  it  to 
a  substance,  the  properties  of  which  he  thinks  sufficient- 
ly distinct  to  entitle  it  to  be  considered  Kme  of  the  animal 
imncii^es.  It  is  found  nearly  pure  iii^  saliva,  from  which 
it  may  be  prociured  by  evaporation,  and  re-diasolvmg  the 
residue  in  cold  water,  (Nich.  Journal,  xi.  xiv.) 

Mucus  is  transparent  and  cobwrleisi  has  little  or  no 
taste,  and  is  soluble  in  cold  water.!  Tbe  soluiiont  wjhen 
heatedio  Sift,  docs  not  eoacidirfc^iibr  does  k  gditiniise 
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on  cooling.  When  evaporated  to  dryness,  it  leaves  a 
hard  semi-transparept  substance,  again  soluble,  so  that 
its  properties  do  not  seem  to  be  altered.  When,  hoi^ 
ever,  the  solution  is  exposed  to  air,  it  gradually  evapo- 
rates, and  the  residue  is  not  acted  on  by  water. 
<  Mucus,  when  heated  strongly,  gives  off  the  usual. pro- 
ducts, but  no  analysis  has  been  made  of  it. 

Solution  of  mucus  is  not  precipitated  by  muriate  of 
mercury,  nor  by  tannin,  in  this  respect  differing  from 
gelatin  and  albumen.  On  the  contrary,  sub^acetate  of 
lead,  (Goulard's  Extract,)  which  does  not  affect  either  of 
Aese  principles,  throws  down  a  white  curdy  precipitate 
jfirom  solution  of  mucus»  as  may  be .  shewn  by  adding  4 
drop  of  it  to  saliva. 

t  Though  Bostock  has  confined  the  term,  mucus  to  a 
substance  having  the  properties  abov^  enumerated,  Four- 
croy  and  Vauquelin  (An.  de  Ch.  IxviL)  apply  it  in  genei^ 
ral  to  the  mucilaginous  fluids  lining  the  different  cavities 
of  the  body,  and  which,  they  say,  differ  from  vegetable 
gum,  in  containing  Jiitrogen  as  one  of  its  ingredients. 
Berselius,  on  the  contrary,  (Animal  Chemistry,)  does  not 
admit  that  there  is  any  one  principle  entitled  to  the  name 
of  mucus,  the  fluids  found  in  the  different  cavities .  hav- 
ing properties  varying  according  to  their  situation  and 
use.  Bostock^s  experiments,  however,  seem  sufficient  to 
warrant  the  conclusion,  that  what  he  has  described  is  a 
distinct  animal  principle.  .   . . 

OSMAZOME. 

Osmazome  may  be  procured,  by  subjecting  to  pressure 
pieces  of  flesh,  in  successive  portions  of  cold  water,  by 
which  the  salts  albumen  and  osmazome  are  dissolved. 
By  boiling,  the  albumen  is  coagulated,  and  by  evapora- 
tion to  dryness,  and  treating  the  residue  with  cold  aloa» 
hol^  the  peculiar  principle  is  taken  up..  . . 

Osmazonie,  as  procured  by  the.  ey^pc^adon  o£  ihe  alco- 
holic fluid,  is  of  a  brownish  colour,  and  has.  the  taste  and 
odour  of  broth.  When  exposed  to  heat,^  it  gives  out  tha 
usual  products.    It  ia  BfAuhkf^  both  iitooUi.water  and  in 


OLEAGINOUS  MATTXa.  S81 

cold  alcohol,  and  from  its  solution  it  is  precipitated  by 
acetate  of  lead,  and  by  tannin.  It  is  not,  however,  coa- 
gulated by  heat,  nor  does  it  gelatinize  on  cooling.  These 
properties  are  sufficient  to  entitle  it  to  be  considered  a 
distinct  principle.  Thepard,  who  discovered  it,  gave  it 
the  name  of  osmazome,  derived  from  m^«,  smelly  and  (t^Mi, 
broth,  being  the  substance  which,  according  to  him,  com* 
municates  the  peculiar  odour  to  that  fluid. 

The  principles  now  described,  are  those  belonging  to 
the  first  class,  or  such  as  are  dispersed  throu^out  the 
aninud  frame,  or  at  least  are  found  in  different  parts 
of  it.  The  others  will  be  considered  when  giving  the 
properties  of  the  solids  or  fluids  in  which  they  exist. 

Oleaginous  Matter. 

The  oleaginous  matter  of  the  animal,  is,  generally 
speaking,  the  same  as  that  obtained  from  the  vegetable 
kingdom,  so  that  a  particular  account  of  its  properties  is 
unnecessary. 

When  solid  it  is  called  Jaiy  which,  when  purified,  is 
iallowj  suet^  or  lard.  To  free  it  from  impurities,  it  is 
cut  into  small  pieces,  and  melted  along  with  a  little  wa^ 
ter,  and  when  fluid,  poured  through  a  sieve. 

Train  oil  is  obtained  principally  from  the  blubber  of 
whales ;  for  which  purpose,  after  being  cut  into  pieces, 
it  is  melted  by  the  application  of  a  slight  heat,  during 
which  water  and  a  coagulum  rise  to  the  surface,  and  are 
removed. 

The  sp.  gr.  of  whale  oil  is  about  9^ ;  its  boiling  point 
640.  When  long  kept  it  becomes  rancid,  but  probably 
owing  to  the  presence  of  impurities. 

Sperm  oil  .is  obtained  from  the  oily  matter  found  in 
the  cavity  of  the  cranium  of  the  physeior  macrocephahtSf 
or  spermaceti  whale,  by  subjecting  it  to  pressure  in  linen 
l^g^i  hy  which  the  fluid  matter  passes  through,  leaving 
a  white  semi-transparent  substance,  called  epermacetu 
This  is  much  purer  than  the  other  animal  oils,  and  is  ao« 
ccffdingly  used  for  the  finer  kinds  of  lamps. 
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Spermaetii  obtained  by  the  aboYe  process,  resembles 
wax  in  many  of  its  properties,  being  insoluble  in  watery 
but  disBolYol  by  warm  alcohol.  The  alkalies  unite  with 
it,  forming  a  sort  of  soap. 

The  properties  of  adipodr^  and  its  formation  from 
animal  matter,  during  putrefaction,  hare  been  noticed, 
(p.  263.) 

Animal,  like  vegetable  oils,  yields  stearin  and  dainj 
and  the  different  acids  detected  by  Chevreuil.  The  me- 
thods of  procuring  tbem  are  simUar  to  those  already  no- 
ticed, (p.  181.) 

When  hog'^s  lard  is  distilled,  and  the  product  washed 
with  water,  the  solution,  on  the  addition  of  acetate  of 
lead,  yields  a  white  flaky  precipitate,  a  compound  of  tlie 
oxid,  and  a  peculiar  acid,  from  whicli  it  may  be  freed  by 
sulphuric  acid.  For  this  purpose,  after  being  mixed, 
they  are  heated  in  a  flask,  by  which  the  lead  and  sul- 
phuric acid  are  deposited,  and  the  other  collecting  ob 
the  surface,  in  the  form,  of  an  oily  mattes;,  can  be  easi- 
ly removed.  Thenard  has  given  it  the  name  of  J€s&actc 
odd.  It  is  soluble  in  boiling  water,  has  an  acid  taste. 
And  reddens  litmus.  It  unites  with  bases,  and  forms 
salts,  which  Thenard  calls  sebates.  Though  Thenard 
considers  this  a  peculiar  acidf  Berzelius  is  inclined  to 
regard  it  mearely  benzoic  disguised. 

Acids. 

The  animal  acids,  besides  those  in  oleaginous  scatter, 
already  deseribedf  are  mriCf  existing  ii^  urine,  immoiic^ 
in  the  liquor  amnii,  farmkf  obtained  from  ^nts ;  hnt 
there  are  also  others  produced  by  the  action  of  re^agei^U 
on  these,  or  on  other  principles,  such  as  pyT^njkric^  pur^ 
puriCf  mccJuHadic^  &c«  They  wiU  }^  f^escribcid  cilopg 
with  the  substances  in  which  they  exist,  or  from  wbieh 
they  are  formed,  as  by  thjs  means  the,  account :  fff  .  th^ 
properties,  and  of  the  methods  of  procurix)g  theio»  will 
be  more  easily  undefistood.  t 


SECTION  III. 


OF  THE  DIFFERENT  PARTS  OF  THE 

ANIMAL  BODY. 


1  HE  different  parts  of  which  the  animal  body  is  com- 
posed,  may  be  divided  into  Jluids  and  solids^  in  which 
order  it  will  be  most  convenient  to  treat  of  them. 


ANIMAL  FLUIDS. 


Blood. 


The  chemical  history  of  blood  has  long  engaged  the 
attention  of  philosophers  ;  it  is  but  lately,  however,  that 
any  thing  like  precise  information  concerning  it  has  been 
acquired.  Bouelle  was  the  first  who  published  an  accu- 
rate account  of  it,  since  which  it  has  successively  been 
examined  by  Foiircroy,  Deyeux,  Parmentier,  Brande, 
and  Berzelius.  The  purposes  which  it  serves  in  the  ani- 
mal economy,  and  the  changes  it  occasions,  have  been  in- 
vestigated l^  Black,  Crawford,  Ellis,  Edwards,  and  many 
others. 

Blood  varies  in  different  animals.  In  the  lower  classes 
it  is  colourless,  but  in  the  higher  orders  it  is  of  a  red 
colour,  the  last  of  which  only  has  been  examined,  30  that 
the  foUowJng  detail  of  its  properties  refers  to  it  alone. 
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Blood,  when  recently  drawn,  has  a  ihickish  conuttence, 
and  an  unctuous  feel.  It  has  a  saline  taste,  and  a  faint 
peculiar  odour.  When  taken  from  a  veini  it  is  of  a  dark 
purple  colour,  but  from  an  artery  it  is  bright  red*  Its 
sp.  gr.  varies  from  1030  to  1056. 

After  it  has  stood  for  some  time,  it  undergoes  sponta- 
neous changes.     A  watery  vapour  arises  from  it, ,  a&4  it 
gradually  separates  into  two  distinct  parts ;  atl^nydU. 
lowish  fluid  called  serum^  and  a  thick  re4  coaguluml 
termed  clot^  cruor^  or  crcusamerUum^  th^  pvojportions  pf^ 
which  vary  in  different  individuals,  and. even  ^  the  same, 
at  different  times.     In  general,  the  latter  is  thre^  time^ 
as  much  as  the  former,  but  in  some  instances  it  is  not 
more  than  twice,  and  in  a  few  rare  cases  it  has  bam  found  '^ 
not  to  exceed  it. 

Serum  is  of  a  yellowish  green  colour,  having  the  taste, 
£eel,  and  peculiar  odour  of  blood.  Its  sp.  gr.  varies  from 
1020  to  1030.  It  changes  vegetable  blues  to  green,  ow« 
ing  to  the  presence  of  uncombined  soda. 

When  subjected  tc  a  temperature  of  about  160,  it  co- 
agulates in  the  same  way  as  white  of  eggs,  and  its  colour 
is  also  changed.  If,  when  in  this  state,  it  be  cut,  a  thin 
fluid  exudes  from  it,  commonly  called  serosi^y  which  is 
merely  the  watery  part,  retiuning  the  salts  in  solution. 

According  to  Dr  Marcet,  and  with  whose  analysis  that 
of  Berzelius  very  nearly  agreee^  the  component  parts  of 
serum  are^ 

water,        .-        .        .         900. 
albumen,        •       ^        .        86.8 . 
muriates  of  potass  and  soda,    .  6,S 
sulphate  of  potass,        .    -         0.SS  .     ,    * 
sub-carbonate  of  soda,    .  •      ..  1.6Sr . 
.earthy  phosphates,  -:     ,pj6(:.   ,.r 

muco-extractive matter^    .  .   ""  4/    ,. 

;...,i(KMK)' ,';;;. 

The  muco-extractive  matter  is  suppo9ea.tQ.,be . impppra 
^acUUe  (aceiaie)  qf^oda.  j..         .,..     ,    ,i. . 

It  was  at  one  time  siipponed,  that  bdddes  tfaeioglt- 
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ilieDta  above  enumerated,  gelatin  al90  existed  in  BenitOy 
but  wliich  has,  by  the  most  satisfactory  experiment^ 
been  sfiewn  to  be  a  mistake,  and  has  originated  in  infu- 
siop'of  tannin  th,rowing  down  a  precipitate  from  the  sero- 
sity.  )^tock,  Marcet,  and  others, .  have  proved,  that 
after  all  the  albumen  is  removed,  tannin  does  not  occa- 
Bionpfecipitatibn.  The  removal  of  the  albumen  is  easi- 
ly en^'ct^d  by  corrosive  sublimate,  and  if,  after  filtration, 
tannin  be  added,  it  does  not  produce  any  change.  Se- 
itim,  it '  has  been  supposed,  also  contains  sulphur,  be* 
cause,  when  kept  for  some  time,  it  exhales  fumes  that 
blacken  acetate  of  lead ;  but  though  this  proves  the  pre- 
flience  of  sulphur,  it  is  no  proof  whatever  that^it  exists  un- 
jcoinhltied. 

'  The  chi  or  crassamenhtm  is  thick  Hke  Jelly,  and  when 
the  blood  has  been  taken  from  a  vein,  is  of  a  purple  co- 
lout,  but  by  exposure  to  air,  gradually  becomes  bright 
red.  When  subjected  to  heat,  the  usual  products  are 
given  offl 

By  the  action  of  water  it  is  resolved  into  it^  component 
parts,  a  red  soluble  matter,  and  a  whitie  elastic  substance, 
which  i$  insoluble.  To  effect  the  separation,  after  being 
cut  into  small  pieces,  it  is  put  into  a  bag,  and  exposed  to 
a  stream  of  water  till  it  passes  off  colourless,  being  at  the 
same  time  constantly  subjected  to  pressure.  The  fluid 
which  first  comes  off  is  red,  and  contains  the  colouring 
matter^  along  with  a  little  albumen.  What  remains 
in  the  bag  is  JUtrin,  possessing  all  the  properties  of  that 
obtained  from  other  sources.  According  to  Berzelius, 
they  are  in  the  proportion  of  fibrin  and  albumen  86, 
colouring  matter  64.  That  the  crassamentum  retains 
albumen  Ss  evident ;  for,  on  throwing  it  into  boiling  wa- 
ter, the  ffi(]d  instantly  becomes  turbid. 
;  The  colouring  matter^  when  viewed  trough  a  micro- 
scope, is  oblbrved  to  consist  of  very  minute  vesicles,  ap- 
parently qr^ii|K)ut  1.6000th  to  l-4000th  of  an  inch  in 
diameter.  Tliey  seem  to  be  soluble  in  wftter,  or  rather 
to  cdQtam  Something  that  communicates  to  it  their  pecu- 
liar ciolour^  tbf  globule  itself  remaining  entire.     The 
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soluiicm  changes  vegetable  bluel  to  green,  and  beoomes 
muddy  on  boiling,  from  the  presence  of  albumeiL  They 
are  also  soluble  in  acids,  alkalies,  and  in  alcohol.  When 
subjected  to  heat,  the  animal  matter  is  destroyed^and  there 
remains  a  residue,  consisting,  according  to  Berielius,  of 

oxid  of  iron,  -.  -.  fiO. 

sub-phosphate  of  iron,        -         7.5 

phosphate  of  lime,        -        -     6. 

lime,       .         -         •        .         ao. 

carbonic  acid  and  loss,     -        16.5 


100.0 
With  respect  to  the  nature  of  the  colouring  matter,  it 
was  at  first  supposed  by  Fourcroy  and  Vauquelin,  that 
it  depended  on  the  presence  of  iron,  probably  in  union 
with  phosphoric  acid.  They  found,  that  when  the  red- 
due  of  the  incineration  was  digested  in  nitric  acid^  part  of 
it  was  dissolved,  part  continued  of  a  red  colour.  On 
the  addition  of  ammonia  to  the  solution,  a  white  precipi- 
tate fell,  which,  when  mixed  with  potassa,  became  d«rk 
led,  and  on  the  addition  of  lime  water,  gave  a  deposit  <tf 
phosphate  of  lime.  They  therefore  imagined,  that  a 
compound  similar  to  the  white  precipitate,  and  which'  is 
sub-phosphate  of  iron,  exists  in  the  blood  dissolved  by 
an  alkali,  and  that  in  this  state  it  gives  the  red  colour 
to  the  albuminous  matter.  In  farther  confirmation  of 
this  opinion,  they  state,  that  when  sub-pho^pbate  of  iron 
was  dissolved  in  serum,  it  made  it  red,  (System  of  Chem. 
Knowledge,  ix.) 

Though  these  experiments  prove  that  iron  ezbts  m 
considerable  quantity  in  the  colouring  matter,  yet  the 
conclusions  are  not  borne  out  by  the  experiment  of  others. 
Berzelius,  (Med.  Ch.  Tr.  iii.)  though  he  detected  iron  in 
it,  did  not  succeed  in  obtaining  a  red  coloured  aubstaoce; 
by  dissolving  the  sub-phosphate  in  serum,  indeed,  ac- 
cording to  him,  it  is  dissolved  with  great  difficulty.  Ha 
was  unable  also,  by  the  usual  re-agents,  to  indicate  the 
presence  of  iron,  except  in  very  minute  quantity,  so  loog 
as  the  animal  matter  was  not  destroyed,  but  after  the  in* 
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cintsMion)  it  was  easily  detected ;  from  which  he  infers, 
that;  4  the  sub-phosphate  mentioned  by  the  French  che- 
mists must  be  produced  during  the  process. 

Brande  (Ph.  Tr.  181 2,)  has  advanced  an  opposite 
opinion  with  respect  to  the  colouring  matter.  He  sup- 
poses it  to  be  an  animal  substance,  of  a  peculiar  nature, 
acting  in  a  similar  manner  to  the  other  oolouring  princi- 
ples of  organic  bodies,  and  in  which  he  could  not  detect 
more  iron  than  is  usually  met  with  in  animal  products  in 
general.  To  procure  it  piur^>  as  he  conceived,  venous 
blood  was  stirred  during  coagulation,  by  which  the  fibrin 
was  removed,  and  the  serum  holding  it  in  suspension, 
when  kept  at  rest,  deposited  it  in  its  concentrated  state. 

As  thus  obtained,  it  was  solnble  in  cold  water,  the  so- 
lution acquiring  a  red  colour;  but  when  heated  to  about 
SOO,  the  colour  disappeared,  leaving  a  pale  brown  tint, 
and  the  fluid  became  muddy,  from  the  deposit  of  inso- 
luble  matter,  for,  on  filtration,  a  transparent  colourless 
liquid  passed  through. 

The  stronger  acids,  as  sulphuric  and  muriatic,  and 
also  some  of  the  v^etable  ones,  as  acetic,  oxaliCf  citric, 
and  tartaric,  according  to  him,  dissolve  the  colouring 
matter,  and  afibrd  a  red  solution.  Nitric  acid,  however^ 
changes  it  to  brown.  It  is  soluble  also  in  alkalies,  and 
in  their  carbonates,  and  without  having  its  appearance 
altered. 

The  watery  solution  is  affected  by  some  of  the  re* 
agents  that  are  usually  employed  to  change  the  appear- 
ance of  common  colouring  matter.  Thus  the  salts  of  tin 
and  of  mercury,  throw  down  red  coloured  precipitates,  the 
latter  acting  as  a  powerful  mordant,  so  that  cloth  previ- 
ously soaked  in  it,  and  then  in  the  solution  of  the  co- 
louring principle,  was  dyed  permanently  a  beautiful  red. 
-  These  experiments,  according  to  Brande,  are  sufficient 
to  overturn  the  opinion,  that  phosphate  of  iron,  or  indeed 
that  any  of  the  compounds  of  that  metal^  is  the  cause  of 
the  red  colour,  and  they  seem,  he  asserts,  to  warrant  the 
conclusion,  that  it  is  entirely  of  an  animal  nature. 
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moved,  and  replaced  by  others;  and  ia  thia  waj  the  prooets 
must  be  carried  on  till  nearly  the  whole  pf  the  colouring 
matter  is  withdrawn,  after  which,  the  residua  is  put  into  a 
bag,  and  washed  till  it  becomes  colourless.  As  thus  ob- 
tained, it  has  all  the  properties  of  fibrin  got  from  other 
:SOi)rce8« 

Since  fibrin  is  thus  procured  from  blood,  it  is  evident, 
that  it  must  exist  in  it  either  fluid,  or  in  minute  glo- 
bules, in  which  state  it  continues  as  V>og  ^  H  remains  in 
the  circulating  system ;  but  when  the  blood  is  drawn,  it 
begins  to  assume  its  splid  form«  and  hence  the  cause  of 
the  coagulation.  The  time  at  which  this  commences 
varies  according  to  circumstances,  but  in  general  it  be- 
gins in  about  3  or  4,  and  is  completed  within  8  minutes. 
Though  this  may  be  stated  as  the  time  required  to  effect 
the  coagulation,  yet  it  may  .be  shortened  or  prolonged  by 
different  means.  Dr  ScudamOre  found,  that  by  keeping 
it  ^Ib^an  elevated  temperature,  it  went  on  more  rapid* 
ly  than  usual,  whereas  when  it  was  reduced,  it  pro- 
ceeded slowly  ;  and  in  one  instance  when  it  was  kept  *at 
40,  it  required  an  hour  to  complete  it,  though  part  o{ 
the  same  fluid,  the  temperature  of  which  was  not  allow- 
ed to  sink  below  60,  became  quite  firm  in  five  minutes. 
(Scudamore  on  Blood.)  The  state  of  the  vital  powers 
also  influences  it  materially.  When  the  person  from 
whom  the  blood  is  takea'is  in  good  health,  it  goes  on 
more  slowly  than  when  he  is  weak.  The  last  portions 
drawn  also  coagulate  more  quickly  than  the  first,  and 
especially  if  syncope,  or  a  tendency  to  it,  supervenes. 
Substances  mixed  with  the  blood  have  also  an  effect  on 
it ;  solutions  of  sea  salt,  sal  ammoniac,  nitre,  and  some 
others,  prevent  it,  whereas  those  of  some  of  the  metallic 
compounds  accelerate  it. 

During  the  coagulation,  it  has  been  stated  by  Dr  6or« 

don,  that  heat  is  evolved,  (An.  of  Ph.  iv.)  ;  but  Di*  Davy 

(Joum.  of  Science  ii.)  denies  that  this  is  the  case,  the  xiaa 

of  the  thermometer  in  Gmrdon^s  experiment,  being  owing 

to  some  foreign  cause.  It  has  been  ascertained^  howevor^ 

Vy  othfHd;.  ihat  t4fH>d>  which  may  be  sup|paed  to  bt  al 
vot.  ir.  T 
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V^w  the  inaccuracy  of  theBe  resulted  \\11ie]r  foinft*ti)at 
in  nttheral  respiraiion,  there  was  no  dimhititidb  itf 'tbe 
tolbme  of  the  respired  air,  at  least  ii  yrt&Tio  trifl&g;'  as 
€f}  be  a]t6^ther  unworthy  of  notice;  consequtotly  ^ae 
was  not  more  oxigen  consumed,  than  there  wa^'Cafbomc 
aci^  formed,  this  elastic  fltii<f,  It  is  widl  khown,  bcM^)^. 
lag  the  same  volume  as  the  oxigen  emjdoyed'  in  i^ibr- 
matioh.  The  proportion  of  acid  in  the  er^red'ai^vtttfy 
feund,  amounted,  during  natural  rcstrfiatioi^  to  '^  p^ 
^nt'  by  volume.  When  the  saitie  mr  watTiJ^t^tly 
tireathed, '  f c  was  9»  and  evdi  in  sOineitistidieM  db^hijjjli 
as  Ib'/per  cent,  but  they  could  Dtot  by'cdi^tiiib^d^iriff^ 
ratfbns  inake  ft  go  beyond  tUis.'  I'he  actuk^^iiO&Hty 
formed'  by  each  inspiration,  i^'dtamf^acehiiMt^iil'tiS 
^course  must  vary^  acobrding^to  the  bdll^bf  alf  ftis^fiM, 
and  the  flreqiiency  of  th^  imjpiration. .  '     '-"f/  "*  i^i.oi  1 1 

tTie  experiments  of  Dr  Edwards,  ^(Q&'Vi^lfbleki^'^S^ 

Or^ank  PhyfiSques  sur  la  Vie,^  confirm,  gbdiraHy'/thbi^&f 

Allan  and  F^ys ;  at  the  same  time,  howev^^^^he]^  ifte% 

4iiat  the  acid  formed  is  not  always '<^uU'^tb  the'cilsigeh 

cdn'iuined,  as  was  particularly  the  ckAe  in'som^^^tyf  Ae 

lower  animals.      '        '  *  '^    >'  "   *''  ^'  '"'^''^, 

^' Liivoisie^  Was  ibduced  to  believe,  thki  tKe  ttlt^^'bf 

ilie  aiFserv^  no  particular  T^nfj^'A^knff  'ifajtfi^atefe, 

Davy,  however,  found  in  his  experimenl^'thfti^%ttRf\^ 

ii^y^ik  absorbed,  Cie^ektthA'haiiiircii^di^ 

Allaji  and  Pe]^ys,  on  the  contrary,  obi^e^tHM^d-i^^ 

dftheittriah' there  was  actually  an  evolatidn  bf  l^-'^- 

dcularly  In  t%6se  instances  when  oxieeii  algibe  Wayi)^iktft- 

eij^^ 'tri^iiHl  t«splfati^    hoVev^,  the  la^<  ^tjh^li^fs 

'fbujuf  tiilirt^^^^        no  diminntidn  in  the  ^iriti^^^' ifie 

''i^ireii^T'i  ah^,  as  tHe  oxigen  'removed  w'ir  ^dp^liett 

[i4ng;e^'Vm  tib 

_  pnbliditibti  .         _ 

I^^^FiJMii^^  ^iii  xiMdiSi^  '■  Jffi(^%dea 

\At  ^Kr'iftfcnam^ 
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wri>ei  into  ihg  jysiem^  imd  ^fUfimifwb  J&§dmrgM;  0U 
tbat  each  id  dMae  actions  b  regulated  hj  the  conadtii- 
:  ticfH  hahita,  and  drcumfltances  of  the  indiTidual,  aad  hj 
the  inflaoices  to  irhidi  he  may  be  fliil]»|ectedp  the  abatvp- 
tioa  being  aometiines  to  a  small  extettt,  while  the  «iha- 
-iatioo  18  considerable ;  and,  on  the  OQntmy,  the  €Khala- 
tioQ  being  aumetimes  dight,  while  the  absorption  iagieat. 
When  the  exhalation  predominates,  there  ia  an  iiicrray 
in  the  Tolume  of  nitrogen ;  and  when,  00  the  ^ontiary, 
the  absorption  preponderates,  there  is  a  diminudon.  If 
die  one  equals  the  other,  of  eouase  there  is  no  altceatioft 
-initsquanti^. 

Watery  vapoor  is  always   exhaled  from   the  Im^ 
'  Thb  was  at  one  thne  supposed  to  beformodbySheimidn 
of  die  ozigen  of  the  air  with  the  hnrdrogen  of  the  blood,; 
an  opinion  now  abandoned,  as  it  has  been  pi^oved,  by  the 
experiments  of  Allan  and  Pepys,  diat  the  whole  cf  the 
oBBigcB  goes  to  the  prodnctmn  of  carbonic  add.     We  aft 
to  coosider  the  ^mpom^  thereCare,  merely  as  an  exhdation 
irana  the  sorfaoe  of    the  memlnraoe  of   the  air«edl|. 
Acoordiiig  to  Dr  Mumyy  about  S  grains  of  water  ase 
giTcn  off  in  a  minute,  during  natural  respimdcai. 
.    Two  theories  hare  been  advnMedle  acooudt  for  the 
xhanges  induced  by  lespimtion.  Byone  it  is  supposed  that 
die  carbonic  addt  which  previously  existed  in  theUood, 
ia  evolved  in  the  air  oells,  and  that  the  oxigoi  of  the  at- 
snospheric  air  is  absorbed,  and  brii^  carfied  thioagh 
4^  circulatiBg  aystan,  gradually  enters  ii^t>  union  with 
4die  oBibon,  to  fonn  carbonic  add    By  the  4ither  it  ip 
suppoaed,  diat  ike  oxigen  of  the  dr  is  not  absorbed  fay 
the  bkiod,  but  at  once  oombinea  with  its  carbon  ^hsn  in 
die  lungs,  to  produce  the  carbonic  add,  which  isinatant- 
^  diafl^aged    With  respea  to  the  last,  wtoh  is  i^me- 
4nlly  recdved^  two  opinions  have  been  eateirtaiaed  of  die 
ananner  by  nddch -the  acid  gas  ift  g^erated.    Someina- 
mm  diat  the  osigea  passing  through  die  inemhrane  of 
dm  air  cells,  combines  widi  carbon,  and  omiea  off  in  die 
lorm  of  carbonic  add ;  while  others  suppote  that  the  fuuTr 
haninvsqpouff  is  evotv^finoiii  die  blood,  andjiasswg 


tlpougjb  the  in^mhrane  intp  the  cells,  fcuixis  wit^- the  pSsJLr. 
geo^tjtie  aci^.gas,  (Ellis  oji  Respiration.)  /      '     #!* 

, .  Pifferent  circumstaDces  causae  a  variety  in  the  ^hen?^ 
xafpa  of  .^espiratiop.  Crawford^  an4  Lavoisier  and' 1^6^- 
gi^n^  found  that  less  oxigen  is  consumed,  and  jjonspt' 
^uently  less  carbonic  acid  formed  at  a  high  than  at  Mnw-. 
tural  temperature ;  but  during  ^gestion  and  exercise, 'tnie 
quajntity  was  greater  than  natural.  Dr  J^out,  (Aii*  of 
Ph.  ^iii.)  ha9  also  shewn,  that  speakin^^andthedejpjresA;^^ 
Xfkg  passions,  lessened  tl^e  q^uantity  of  carjbonSc  i[cid!i 
^iv)  from  experimexits  whidb  I  have  perforpiied^  (liiaii^ 
Dissert.  1814.)  the  same  .was  occasioned  by  tlie  'u^e^'SC 
vegetable  food,  and  spirituous  fluids.  Dr  f'rbdt  jha^.  ViWir. 
Tfise  found,  tha.t  the  quantity  varies  at  different  !times^ 
being  more  abundant  during  the  day  thq^n  atnighf.  "^ 

,The  changes  that  the  blood  and  air  t^ndergo  djirn&j^  Re- 
spiration, ^erve  important  purposes  ii}  ihe  ahSRiSl^iOh 
qiy.  The  superabundant  carbon  of  the  syst!em'''ls  ^iff- 
jfied  oC  It  is  supposed  al^so  to  be  owing  to  thm(,'Wat 
animals  possess  the  wopderful  ffusolty  of  pres^viiif^Hli^ 
temperature  above  tbat  of  jthe  surroupdi^  medi\im"* 

There  are  strong  proofs  in  favpur  of  .tliis  opinion,  ft 
i^.wdl- known,  that.whatev^  raL^s  tl^e  temperaitti^i'e  of 
tb^  l^ody^  .as  violent  exercise^  increases  ^e  consiiiflption 
^fi^ig^  i^  the  lungs ;  wher^  when  an  animal  W'K^pt 
^  ajpie^iuin  farmer  than  itseH,  little  oi*  nb  cbonj^e  iaft)|^ 
place  during  the  circulation ;  the  venous  is  neatly  of  ^fie 
vaiQe.  cf>lour  as  arterial  blood,  and  scarcely  imy  i^Sklj^eh 
dis^ppef^^s,  the  supply  of  heat  re(][uired  beii^'si^all.'  'tti 
),hqi{e  .fpi^als  in  which  the  organs  of  re^piratldii .  i^ie 
Jm;ge|  t\^e  .temperature  is  npt  much  changed  by  ^Uiu« 
^iUVi  i<^  :)^^^  Q^  ^e  surrounding  medium  ;  but  ih'ihose 
\f^  ^h^cbi  tjx^y  are  small»  and  in  which  of  cQurse  the  ^u!ati* 
tjfj  of  9figen^  consumed  must  be  trifling,  it  varies  ^ac^ 
gW4^S  jtio  qrcuinstances.  D^  Crawford  was  the  flrst 
^hfs^jaflji^^nped  fi  theory  to  account  for  the  productibii  of 
afvii9alih^t|  apd  the  uniform  distribution  of  it  aver  the 
l^y»  (Qjrf^\^^Oi:d  on  Anii^al  Heat.)  In  examining  the'i^a^ 
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{ttitf  of  veaopM  imd  aroerlal-  btood(  ^he  Cnmck  A^Aegit 
#iui  a  cOMiderabte  diffkrence  b^weea^On^  ^tkfe  ftifaits 
Ifiing  891i»  «d  the  latter  1080,  compared  ta  ittliecJB 
IdOO/  '  He  thecefore  suf^posed,  that  I7  the  indonfiEr^lfaf 
earbon  cf  the  forfner  with  4be  oxSgen  of  tfaeoaicyjiif 
which  carbonic  acid  is  generated,  beat  ia  diaengagcidl ;  belt 
as  bjT  this  actioft  the  reniyas: blood  is  iavtantljl^erifOiz- 
€^^e  capacity  is  inereasctdi,  so  tbat^tbeiheafyinkfiindifof 
b^ebiing  s^tsiblef'  is  absdrbed^  and  tbns^  !thougg|iiSh^ 
Is  aottealfy^  tbd  prodoetioH  of  it  ta  the' lung8^/y«t^ their 
Mnp^ature  does  not  rise.  The  arterial  blood  beiiig  cait- 
rted  throoj^^flie  circulating  system,  arrivea  at'  the-et^ 
ilkft^  Ves^Isy  where  it  is^  gradually  again  fsdovevted'  to 
i^asi- by  'vrhic^  Ita  capactoy  nmist  be  diwiniahed;  ^aal 
^ii^t'^vdived^!  and  as^^  Usis  change  goc^  oa  ^alowfy;  kla 
^Uty  Aislttibtfled,  and  the  tempemtnre  thus  keps^al- 
wiayrvedrtyith^'isame.  The  venous  bloody  loadnd'wtth 
Wbotf,  isfte  this  state  brought  again  to  the  lungR,  again 
to'be  arteriidized,  and  give  rise  to  the  evolution  of  htil. 
This  opinion  of  CtaWford^  provided  the*  facta  dn  'iHricfa 
Hisfbilnd^  are  cotrect,  will  account  satisfartorilyfcr 
the  producticm  of  B^at^  sihd  its  imiform  dis€ribiitio»  -oner 
the  body.  Subsequent  experimenters  'do  not  haairtv^ 
allow,  that  there  !b  really  Mdk  a  difflsvenee  in  tb^dipa- 
eity  off  venous  and  arterial  blood,  as  stated  by  him^ii^a- 
€6ed,  Bk^drditig  to  Dr  Davj^,  there'  is  little  ^or  vane, 
(Ph.  Tr.  1814.)  l'^ 

'^'^jMIbw4iigDffvy^s  experiments  fo  be  vonrect,  tiie'dlBlri. 
bntiett^  of  heat,  supposing  it  dependent  on  reqmBriea, 
i<my  bea^oMiited^r  in  two  ways;  That  when  evolvild 
hi  the  lungk,  the  temperature  ot  the  arterial*  Wood  iitrais- 
^,  and  in  this  state  it  is  conveyed  to  the  'diffenenil  paits 
of  thebody,  to  give  out  that  whieh  it  had  received  t  ud 
'this  opddon  Davy  himself  is  induced  to  adopt^^lbr  oh  ex- 
aminiiig  the  traiperature  of  venous  > and  arterial' blood, 
:he  found  the' latter  in  the  carotid  arteary,  to  be  bigberiby 
^l.S,  or  by  S  degrees,  than  the  foraier  in  the  jug^lavfflaiD. 
The  oslm'  method  of  accounting' ftit>  Sb^ptodQctum-^iad 
distribmioA'  of  heat,  is^  fouoded  on^ tba  aagppoflitldB^  >  that 


tfiefCBtktmbfacii  ktfotaMfififohiiiatbfiiiniei^vbtat  ^tbf 
attettdl'MbQdndilriiigiittudrmi}^^  HyittobMibonisuiiHi^ 
iBgiJfilii  the  bxigfm.abi^^iHf^  jbjnif  firdmi  ilJue  ^€0  &|iuM 
pdssfltgQTiiiTDugh  ^e^^gto%>(|^eJmilig0i£r«llil  l^KAf 
%HpiitioDrfaf  the  M^id^obeititg  f^fivmunwo'^oDiiiiitoicii^^ 

taiindb  himia  isidejicnidcibt  on,  tbe^diMigfiK  |»Plod4(694ite  fbfi 
Uoodiligrj  Jd$pifatioii»;  An4idaragiite  pAiiAgtbUh^gfed^ 
tsittnliitipg^s^Ui^myiithM  boeAntteiofill^^bflini^lm^tJiit 
tfafi0^iha«eiAol8hju:«  vfaat^tt  injtf  piw4u«ti<9lijjh«$qtii«f 

d{;«iepitigi[:iip4fftificid  leafm'^iaiQa^^Q  ^mrTi#iSir«c^I:^kyA%#9 

lu^gsioxigen  being  «^oRbedl)a|)dica,^ft>09A#x«(^ ^ftlH^ 
.the  \ieaotis  being  lat.  thesavio  timeixpheilg^itecf»f^9i^ 
blQpd»4Jbie.temt)eratj9i::eJ^]^4[)royJdig^;^  JM^^Ht^^^di^ 
thene  mvas.  no  geoer^Uoa  elib^r^  il0.^fl»4Altl4m[£ttot<i|f 
iH  rtWtttt^  sunk  ia  80.. mi»nif^  fjimM^o  Sift, ndft^cJhKlJf 
lallolbei)  jkiUed  at  tibie)  ewi# j  lim^  ^  i«d  >  i^twhfcte  itbelr#tp^- 
loaiictt/if a9i  nai.  coiutimie^f  ffl4ifjcq»t»yH9  iMt-touTPJ^^fl!!- 

nrfUbei found. rather,  to  at«wj[fhw  4Mf^(i^TM^4^lt^ 

. opipion/  ythat  itbe  pr^ufllioft ii^ih^9^K^u4»f^T^T^lm 

.?eapiratiQn.jj  ilar  thoi^  .ftH^X(|xa<apl%  iftifW^^  ifcsfi* 

kept  up,   the  lungs  were  constantly  efipf^  ^  flTf- 

aewfiljOf  cridTvi^r»]vliipbr4imH'^U^e^9«^i4J^(^|^al, 

fnxA^m^Bfiy  A^iiht,4ke4t  abstj?«ctiW(ftif  fftV?ri%«^  Vwtjftlfo 

rbjfoLttmg^eviapdt^tioOifrom  the  9urmc6iptfr|fei^}l|Dg^  rmii 

aMithel%mf^tMwre  dSA  not  fali1M<^w,  t^Kt  qirJjf^s^fOfiilB 

hi>(fbidi:4iitifi«W  respiration  was  xiot^perfprin^^i).^.e jfMre 

!  vatrrantedim  toac^hidiog  that  heat  waadi9fngf^^ri;  }o 

/  i  TbtwMgJj^i  bo.wever>  .these  ^JxperwentiijdQ  jpi^.iail^e 

.QeaMt  mttiAnte]  agftinftothe  gen^rally-veo^i^tppmWreJt 

yflhiurf;pfft jfte*;8up(po«ed. .lhal:>  the  vbcj^i .df-.tbt)  h^ ^1^ 

rrrbiokt^.ltempeicaldicQ  of  animals  ,i#vHf|)t  abpfe:  thfjibpf 

bithe-fiuTvottnd^f9imediiun»:iif<ev»iv^d  b9fiflbfh<^>a|)|g^ {pft>^ 


fM  AWMAL  TLUIOg. 

tain  eircum^iaae^,  oxigen  10  abMnit?^ through  4bf  Jdn^ 
and  carbonio  .acid  disengaged  \  so  that  4)lif  may  proba. 
bly  giv^  rise  to  the  production  of  heat;  fa^des>  it  is  not 
at  all  unlikely,  that  the  diffevei^t  dm^gw  which  the 
blood  is  coQfitantly  undergoing,  during  ih^^pfoduction  of 
the  animal  solids  and  fluids,  may  l|ave  flome  share  in 
the  disengagement. 


I  r 


PJmds  subservient  io  Digestion^^'^'-^UJiwaj  4kuirio  emd 

Pancreatic  JuhCy  Bile.  .     t  .•« 


Saxiya* 

.galivais  a  trafisparent  4x>lourleB8  fluji4  IJI^  ^^tei^  bsi 
rather  more  viscid,  and,  a£(  usually  pi^^cuj^e^f  it  ia  frothji 
liroin  the  admixture  .of  ^atmospheric  air.  .  It  iadepji^te 
of  taste  and  smell.  Its  sp.  gr.  is  1008.  Whc^^I^^^ht^ 
in  i^lose  yess^Ui  it  gives  o|P  wa^ry  yapoui^s.  ^^4  A;8P^4  Hih 
fidvLe  xemains,  coni^bting  of  si^lin^  ingred^ts  ^af^.j^)3l^ 
«lli]il$l  nMlt^.  ,  .  ;    ;■  . 

Wbenjea^posed^to  air,  saliva  seems  t^  ai^apjch/^xigftl^ 
and  become  thicJcer.  When  dnixed  with  watery ,  a, ifajyf 
jWtter  is  precipitated.  The  acids:  cq^gulate  i^,  ^^ 
llUialies  nuike  it  give  out  the  odour  x>fan^qfiia.  }i^^i)af9f(f 
of  silver  throws  down  a  precipitate  of  pbqspljMe  ^giji.  y  >>■■ 
tjftte  of  ail^erj  a^d  oxalate  of  aipp^omaj^ecipita^aiJipie. 
Muriate  of  tniercury  do^s  not  affect  it;  butiai^H^cfS^Jt^ 
4>f  lead  throws  down  a  copious  precipitate.        ^    ^  :^i  < ... 

•  ■•-•.. .«;.    .  ■{  •■:t, 

*  Tbcmgh  d]fik«Dt  staU«eoto  baw  btcn  ^en  liil^  x^9«^ 
Cttlaneoiu  esdudation*  the  o^jieriin^ta  of  CpUpd  de  .^Ujtti^^  JSf^  ^^ 
If.  S.  ¥•)  pro?e  latisfactonly,  that  ciirbonic  add  is  disengaged  thnragb'fhe  «kin ; 
luad  he  aoeountsTbr  the  diseoidanoe  fai  the  results  of  the  experimaiti  of  odisn^ 
hyh9  biteg  mffed  00I7  at  oertain  times; 


According  to  Berzelius,  the  ccmiposition  of  saliva  is, 
water,  •       .    -   "        029.9 

mucus,  -  •  1.4 

aUudiae  muriates,  «*  \Sl  * 

soda,  •  *  .        .8 

lactate,  (acetate  of  soda,)  )  q 

aaimal  matter,  j 

peculiar  animal  matter,  2.9 


lOOOX) 
When  aaliva  is  exposed  to  the  galvanic  iplBueiice,  n 
.precipitate  tollacts  ^uround  the  negative  wire,  from  ii^icAi 
.Mr  Brande  infers  that  it  cwtain^  ^bumen,  ev^a  thouf^ 
the  usual  tests  cannot  detect  it ;  and  Tiedemann  and 
Gmelin  (Sur  la  Digestion)  assert,  that  besides  the  usui^ 
ingredients,  they  hav^  detected  in  it  osmazome  and  sn)- 
pho-cyauate  of  potass ;  the  latter  being  indicated  in  it  bf 
the  red  colour  which  it  gives  to  p^-salts  of  iron,  a  pn>- 
;perty  peculiar  to  sulpho-cyanates. 

The  same  chemists  state,  that  the  saline  matter  pi^ 
cured  by  the  evaporation  of  saliva,  and  incineration  of 
the  residue,  consists  of  carbcttutte,  jJiosphate,  sulphal% 
and  muriate  of  potans,  phosphate  of  lime,  and  a  minuir 
quantity  of  carbonate  of  lime  and  of  mi^netfuu  In  tte 
saliva  of  sheep  there  is  also  sulpho-cyjsnate,  and  "Ae  ipar- 
Jbonat^  xxf  potass  is  in  such  quantity  as  to  cause  -^fierveii- 
cence  on  the  addition  of  an  acid.  The  saUne  ingDedieala 
in  that  of  hogs  is  the  same,  with  the  exception  of  idle 
sulpho-cyanate,  which  they  could  not  detect  in  it. 

Tartar^  the  incrustati<m  formed  on  teeth,  is  supposed 
to  be  a  deposit  from  saliva.  According  to  Berstelius,  it 
consists  of 

earthy  phosphates,  -  -  7j9. 

.iindecomppsed  mucus,        -         -        13.5 
tpeeuliaTrsalivary  matter,  -  1. 

aiiimal  matter  loluble  in  muriatic  acid,  7.6 

100*0 
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.1/  GABtEib  Jctce;  ■    '-   *    *■  ""  ■"' 

-  the  food,  after  being  wibjt^ed  W  tritthttdbif,-  idid 
mixed  with  saliva,  ii  receiv<^d  intb  th^  siom«i6h,'  wh^it 
undergoes  theproteess  of  di^itTOn'/ bjr  which  it  !s*coii- 
"^rted  to  a  pulpy  tnass  called  chyme.  It  Wiiir  at  dnef  time 
'^in^agined  fhat  digestidn  was  accoiteplished  b^  tW'pr^ 
sure  exerted  on  *  th6  food  by  the  coats  of  the  sti^inach ; 
"ni  knothei' time,  that  the  changes  were  the  ikfsiSiiH  l^r- 
%ltot&t{tifa:^  It  i^  hbw,  lio#eN^^;  allowed,  Oil^  "iliyy  ^ 
<xx;asioncd  chiefly  by  the  chemical  actibli^'bf 'Ui^^'flcSA  i^^ 
tti'^t^  fi^rir  the  ^xMit«  of  the  stdiiifacli,  c£A^ ^olAAc^ce. 
»"  Wc#  Canttbt  jflfede  much  confldeto^fe  In  the  expcJ^ibeWb 
'Made  #ith  the  view  of  liM^rtainin^  the  ptJ|(>e^ttM'Qf  gas- 
ll^icf  juice,  owing  to  the  cfiiBctihy,  dr  rather  tfal^  impoftd- 
^Mlityj  df  procuritig  it  pure.'  SpallM'ikni'bbtifimd'iiby 
>fe¥tin^hoUoWbaIli  withtheiy  sides^tfoMt^/a^d  %^ 
tHiVi^g  pieces  of  spofag^;' itfto  tN^^stdUia^a^^^in^^ 
that  had  been  kept  fbr''s6fflii' Mttitf  \ifthoiil!'fb6d:* '"^ 
i^ponge,  whM  iirithdraWti  aiid'  squeezed;  yiiilded  la  *^id, 
)0fltq9O8ed  ttt  be  gastHe  jfrice.  It  maty  ialsb  ^ 'blitiliDf^ 
Iby  iuducibg  vomiting,  aft^r  an'  indiVidtial  hag  1k^  1^ 
4i»  some  time  fasting:  '     '    '        ,,^, .,-,.. 

•"»  Aa  tikis  procured,  it  is  ti^adflpifreht  krid  ddlotl^lkd^Mf. 

kig  a  valine  taste)  and  withoiit  aridity;.     A<*ctifAM^fe 

'4Jipallafiza»i,  it  doeEftbl\indefgo  ptrtfitfacti6ta, 

^^U»  oth^  BubgtMces  from  piitrefyingf;^  rt  ri 

teted  byi^irftrat^'ibf  silver/  and  it  ^eeni^tb  bobii&'tf'aii. 

nute  quantity  of  albumen,  gelatinf/  attd^ii«&,^t''  t"^  ^'^ 

i  We>  are  belter  at^ii^tot^,  hd^t^j  WftM.  tii^^^f^r- 

ties  of  gascrie  Jutee  when  in  the  «tdni^M'^^i^\;d)^ 

and  interesting  experiments  having  ^6mi  ^^totflfeg^ 

Beaun^iui  SpdlMzkm^  (DissMlitiliottV^  Vbfi4iy  ^^  <l^ 

v^nv,  (iMugund  Disserta^ob.)    WMM  USA&tiiti^o^ 

taoiily  used  a«' food 'Wei^  incllo8fca^?rf*Aefe^ 

with  tteir  sides  perfettt^d;  Wnd'lbrcM4tfV9  the'^^tc^ffiiat, 

'tbesr.vfei^^abiBoiWd^  iaA  %ti  figs  4r%  m^^M/e^i^ 

of  the  fluid  has  been  proved,  because  they  were  com- 


-!i&48'fi«iQ  if  mm-  wi 

pletely  excluded  from  pressure ;  indeed,  so  great  Is  ita 
power  of  dissolving,,  tlu|t  itr^^.b^n  supposed  by  Mr 
John  Hunter,  that  the  erosions  sometimes  found  in  the 

^^,.TJ^gftatri(^  jpic^^fc^fm  ^ua4  to,4ifi5pr  ind^ffiPt 
jp}n[if^,.a^j;dipg  to,  tha^W^  W.:#M?h  tffq^.^f.fft^^s- 
.tfOTecji.j^oJUvp.  ,,  Iq, geACDcal,,  ^^f,  ftf  jti\f ;C«fniv<^qH«,^J,»» 
pi;9d^C|e8  Uttl^  if  ,^y  , effect  q^.yege^bl^,  iwbil^th^^,  pi 
the  gi'^^ivppou^  4^6^  ftp^.rfeqt,  ^pial.infit^riuiyfe*^ 
pf  man  ^i^lves  b9^b  aium4.4pd  Yfig^jt^W^  bpd|e|i„iX»§i^ 
be^ .omnivorous.  v.    /h    :  .         .    i.   i.» 

^    It  is  well  known,  }iowrsy^,,^ap^flpi^s,»i^.)l^lff9>M.bt 
to  live  on'  food  altogether  different  ff;qqi  t^^whiob  na- 
ture intai4ed  for  ^beq^  ;.a  cb^^ge^^PW^SR.  ifbi^KiW^t 
^  efifected  yery  cautiously..  ifle^pie.pariWiy^Vous  may.l^^ 
fpQ^Q  g^a^t^eniyorousi!  and  the,gramenivorou^  carnivoi;gi!^a 
Mumflis,  jffpift  wl^b  it  iigyi^ent  tbaMlw  faatric,  jv«e 
.chADges its  nature,,  sini^et  it  becc^^  i|,,solxi?p^  9i  (osA 
.^wUch  ji^  could  npt  previously  dia^olv^. 
t;  ^hoifgh  gastric  jujce  bf^^  t^M^  I^n  icHind  to  bavf^a 
^;7,ery  pqwejifful  effect  on  tbe^iSeire^t.^ub^tances  jockelvitd 
,ffjLl^ ^he fit^ap^i,  iit  jD[^MsH,no^rbe  ^mk^  th^t.digwtjiitn 
28  occasioned  merely  by  its  solvent jpp^|i^9i^4,.,tbe>fC^8iita 

f I8f t^  ^Yo  i^f  fflH^Wte  99^^  of  >  f'h^  «A«M^  «|8ilibave 
^^ffiSHeW^  as  happens  »Q5^p#rti9Ml4|^y,»(^.the>l^i»r 
Jlfllij^,  a^,ip,bi^^  iwl^oh  |ur^,|iMmrf»eA  M^sarUtqng^ 
^f^c^lai;  ffgan^.by  wlijcb  tbe  i^js^^plijis  aul^^ciMl'to 
pQi^e^l^jgcpS^ur^ ^d  t|^us  rendere^niQire leaail^aUAfik* 
ed  by  the^g^^  Juic^i  ,  ^;.  lu-.-;;-.  •-•  ;  K;:iy:.'i.  .^Jui^ 
,  ^^i^^%*  j^if:e  baa  the  pivperty  of ,  ooAgulating^itilk; 
klfRf^4^'3f^r  ^f  tbfi  d^octioQ  of  tb^  ttopuiQbri^  pyocnir- 

4ojlf  §44^^^W  ^®.  gaatiic  juig^  iofmi  20  tbe«lotta«bf 
l)S:)?59W^f!lw»i  »bflWB  tbat^th^r^  ^aj(s  ..a...cioaDiBidenUio 
gf/^ti^X, 9f^ If e^, muriatic  aci^t  th^  evolutioa  of  ^wJttcbi 
»j{p  ^^ffi^ilLca  almqst  ipmaadiat^y  aftei:  the  intoa- 
[>ji  ^Jli.  5Jr.  182^  aiiif«>if)ikaii>M>i9D 
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confirmed  by  the  experin^ents  of  TiedeBUUM  aint  Grmeliit^* 
^Sur  la  Digestion,)  who  hare  found  nol  cnly  mtirwtie^ 
but  also  acetic  acid,  and  which,  they  ore  of  opinioii^  ire 
agents  employed  in  the  solution  of  the  food. 

When  the  food  has  undergone  the  {Mrocesaof  digcatioD, 
It  is  converted  to  chyme^  in  which  state  it  passes  into  the 
intestinal  tube,  where  it  undergoes  new  changes.  Be^s^ 
acted  on  by  the  pancreatic  and  biliary  fluids,  part  of  it 
becomes  chyUy  which  is  absorbed  by  the  lymphatics,  the 
remainder  is  excrementiiiouSf  so  that  digestion,  ihoof^ 
begun  in  the  stomach,  is  finished  in  the  intestSnes. 

Pancreatic  Juice. 


Pancreatic  juice  has  been  examined  by  Tiedenttmn  and 
Gmelin,  who  have  found  it  to  contain  albumeii^  » suW 
stance  like  acid,  salivary  matter^  and  osmaswB%  1iv)fiy 
the  same  salts  that  exist  in  saUva,  mth  ihe  ezoeptkm  tof 
sulpho-cyanate  of  potass.  • 


.  ^ 


Bile. 

'  The  chemical  examination  of  bile  has  engJEiged  tlie  w^ 
fcntion  of  many  distinguished  chemists,  partietilarfy  of 
Cadet,  Thenard,  and  Berzelius ;  and  more  latefyv  ^^^kd6^' 
inann  and  GmeHn,  in  their  work  on  Digestiony  bar^pofats-* 
sd  6ut  many^  ne^  fiaets  concerning' it  Though'  Ae  bile 
iif  difTerent  animals  has  been  subjected  to  axMjAi  7^' 
that  of  the  ox  is  the  one  that  has  been  most  exaHiiiled ;: 
indeed,  from  it  the  properties  have  been-  gtterallydSs^ 
scribed^  .   -  -  •  ^  ■ 

• 

"^  Ox  bile  has  a  yellowish  gr^en  colour;  ail  intei^seljrbltfc 
ter  taste,  and  a  faint  peculiar  odoun.  It  has  an^unetuofir 
feel,  and  ht'of  a'  tnxckish  consistettcie,  thongn*  lliis'  YikHes 
diuch  according  to  the  time  it  has  oontintieft^^  in^  Ae  gaB^ 
bladdler^  as  it  gradually  becomes  thicker  ^eir  ivtaiiMd' 
ui  it,  owing  to  the  absorption  of  its  watery  piit,'  sa  Aat^ 
fts  !^.  gr.  muett  vixo  Tavy.  -It*  is  in  generri-fi^oui  iibuirt* 
lOSO  to  1080.    When  litmus  paper  is  put  into  it»  it  bs» 
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conies  bkie^'  shewing  that  it  ocmtaiiisp  uncambmed  a}kaU» 
which  has  been  found  to  be  «oda. 

When  kept  for  some  time  exposed  to  the  air,  it  emits 
a  fetid  odour,  and  soon  runs  to  putrefaction^ 

When  subjected  to  heat  in  close  vessels^  a  watery  fluid, 
having  the  odour,  but  not  the  taste  of  bik,  comes  over ; 
the  residue,  amounting  to  about  1-lOtb,  is  dark-coloured 
and  tenacious,  having  a  bitter  taste,  and  being  deliques- 
cent, and  Bauble  in  water.  When  the  temperature  is 
high^  it  is  decomposed,  and  the  usual  products  are  given 
off,  but  with  rather  more  empyreumatic  oil  than  is  pro- 
duced by  other  animal  substances  in  general.  A  large 
quantity  of  charcoal  is  left,  containing  the  saline  ingre- 
dients, which,  according  to  Thenard,  (Mem.  d^Arcueil,  f.) 
are  phosphate,  tnuriate,  and  sulphate  of  soda,  phosphate 
ot  lame,  with  hee  soda,  and  a  trace  of  iron. 

Bfle  readily  unites  with  water. 

It  is  easily  decomposed  by  acid^  by  alcohol,  and  some 
of  the  compound  salts,  by  which  its  component  parts  are 
discovered. 

By  the  addition  of  muriatic  acid,  a  yellow  precipitate 
is  formed,  consisting  of  a  peculiar  ffdkm  mattery  and  a 
litiU  rsnn.  On  evaporating  the .  fluid  after  flltration,  H 
flaky  substance  is  procured,  which,  from  its  inflammabt^ 
lity  and  solubility  in  alcohol,  is  cxsosidered  simflar  to 
rum.  It  has,  in  a  gi«at  measure,  the  colour  and  taste 
^  bilek  It  may  dso  be  obtained^  though  not  pur^  by 
the  addition  of  alcohol,  by  which  the  albuminous  and 
yellow  matter  are  precipitated; 

iThe  yellow  matter  thrown  down  in  these  different  ex^ 
periments,  is  supposed  also  to  be  peculiar  to  bile. 
Though  insoluble,  yet,  when  acted  on  by  soda,  and  the 
other  substances  present  in  bile,  it  beoomes  soluble.  It 
is  sapposed  to  be  the  principle  which  causes  the  tnle  t6 
inn  so  easily  to  pu^refactioii,  and  it  appears  also  as  att 
ingredient  of  biliary  cMicretions.  In  some  of  its  ptopcsri 
ties  it  resembles  albumen. 

By  liie  addition  of  Goukrd^s  extract,  the  yelloir  nmt^ 
ter^  and  lesiHi  flore  precifdtated^'  aUd  a  peeufiar  lubfrtaner 
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ittdebtei  to-Vhentf  d^  (fMckiL  d^A^inbiU'ii^^Ia^ 
tibeA  previously  noticed<b3^Caiiliet^^/(MeiQo<^^dfiliMd:'dir 
Seien488^.1767iO  He  ^ve  it  the  nane  loS^pioiomdf  i:mk(if, 
Utttr^ Aidl^boiiay.) "~  •       ^  i-.ii  •>.'  i.iii)rri-'*-»'iu  ^v^-j^V^ 

.  Xheitpitdcew  'by  wbioh  Thenavd^uit  <fir9l'8uoM»ded'fii 
pmeutiftg  it;'  ocmMsU  ia  addingisulMw^tattf  of  lead  wlti^' 

ed.  On  filtering  the  fluid,  and  pasaiagjsidpditicaited  4y-' 
diiogien  through  it,  the  superfluous  lead^ is  trcinidv^  %kd 
^^tstomeil  V  wkh  ^  acetate  of  soda» :  fonaed  byt  ithe  'lihieli 
^/UieMlrfe  «o€ia  ^md  tke*;jaeid'fdf  <tbo\'meUll]e<)!«dt^' 
Aie  Jlield  ia^  8oluti€iii^>'  and;  ate  upnxniMd^vl^  evapohmitoiL' 
TofseiMU'att^tlMie^^eTesidue^' after  binng  disteil^edj' 4^ 
jODied  withBtigar  of'iead^by  iwhiolr^beepwEDmel'ad^  ^kdi' 
aii|oi%)obited^4Kidifrom^iirhiUi  thetd^ter  is  cthnM^Qidowtti' 
byidlnfd^ing:  the  jppeoipilal^i  idc vinegaiv  and  -^apcMb^  k  - 
tB^Vm  Aotioa  of  fiflphupettkl  bydvogeof  llie  <iibiiM<1fr' 
kftiodiblutkln^iaiid  ]aayibetx)btditisd/lif  0¥^pol-atibii:»<~'''^^ 

^S^oromel^  iteJthutftfoMiotfar^ds  is  biA:  hoopreiver  j[>iirt)tit  gtitt- 
TCCaiiMia^jlitde  rdiii^  bot  cfbrn^iirhiebUittuiy'lie  IbMLbf * 
ri^poated^pfwcipitation^byisMKapeliitei^lea^  aad^iMaDail^ 
olUbhe^B^Qfttuof  ttioial  b^sulphiirettBd^y^roi^n;  lil^tefty^ 
tIritolcMlf  4hoJbeftt>fMe^ss  Jbr  fM«eurinfiitii  :£|M  to^Mdd^ 
eagar^fiJea^  tt^^Vi^  and  iatOc3tlia.&ud>^  aftanfiltfaaciotiiFWn 
throw  Goulard^s  extract,  by  wbich'^  piicni»eI^r[03Cld^-H]# 
l«id;.:4aiiiati]af  ancii/diroivii  ^doarnc^  iHivig^iJaiUtedr  tife 
fwyytntftj^  andtxttu^jkBiakdi  it  jJb  iwateJ^^ctHeiaoadtiiyi^ 
gMBiar  fiattiDfitheiYeaiii^:  aa^^iepau^koii^lsfyJlisi^ 
sibadf .^ulphKyjIlw^iiydidggiii iJMit  i&caa^p&eailidHlliP^ 
piiitu]^.gili^  ptocegB^b^  fr a<|ttemlyt  tcpiat<dj  moiSfMmMfi^ 
labvauth^Jiiclude  of  dieiiiiij^^  .'^.iij'^u:Ii:  ^iiauoqaiod 

kBkmndxiuM^  pfcuUaruiwoetitatfte, i^bit  leawittifV^UiP^ 
agrflaMihnbitter,j^en»tiQftvuIt>ds^Bolutfe4^ 
aleofaob  ^ii  oMttbitMi^witii  addii,  stj^trntu^ttimi^m^^  - 

of.^«  iaMdli<^^a«ldB»  ttnd  fordiB  JhwauM^  0(^*u^<^y^>^ 
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aut-galla.  It  has  the  power  of  dissolving  resin  y  indeed, 
it  is  cbieflj  by  its  agency  that  the  resin  is  held  in  solur 
tKNOt  in  bile,  for,  when  united  with  it,  it  forms  a  substance 
having  the  peculiar  flavour  of  bile.  The  picromel  is  not, 
however,  in  sufficient  quantity  to^keep  the  whole  dissolv- 
ed, so  that  the  free  soda  must  also  exert  its  influenoe. 
;  Picromel  has  been  analysed  by  Thomson,  who  states 
its  composition  to  be,  (An.  of  Ph.  xiv.) 

carbon,         54.53        or    5.  atoms 
oxigen,         48.65  8    do. 

hydrogen,       1.8S  1     do. 

Such  are  the  component  parts  of  bile,  as  given  by  The- 
nard ;  resin,  yellow  matter,  picromel,  and.salts. .  Accord- 
ing to  him,  800  parts  were  found  to  consist  of  • 


. ' 


water. 

700 

phosphate  of.  soda. 

2 

resin. 

24. 

muriate        do. 

8.2 

picromel. 

60.3 

sulphate       do. 

0.8 

yellow  matter. 

4^ 

phosphate  of  lime, 

1.2 

soda. 

4 

oxid  of  iron,    . 

a  trace 

•;  Berzelius  (Med.  Chin.  Tr.  iii.)  does  not  allow  that 
the  statement  given  by  Thenard  of  the  con^position  of 
bile  is  correct.  According  to  him,  the  yellow  matter, 
the  resin,  and  picromel,  precipitated  by  the  diflerent  re- 
agents, are  one  and  the  s^^ne,  to  which  he  gives  the  name 
of  biliary  matter.  Subsequent  experimenters  have,  how- 
ever, proved  the  inaccuracy  of  the  opinion  of  Berzelius, 
at  least  with  respect  to  the  non-existence  at  resin  in  bile, 
though  it  must  be  allowed,  that  by  the  process  described 
by  Thenard,  it  is  doubtful  if  he  succeeded  in  effecting  a 
complete  separation  of  the  picromel  and  resin. 
I.  The  latest  analysis  of  bile,  is  that  by  Tiedemann  and 
Grmelin^  (Sur  la  Digestion,)  who  confirm  the  results  of 
the  experiments  x>f  Thenard,  but  who,  at  the  same  time, 
have  added  to  the  list  of  its  contents.  According  tp 
tbtm^  biesnies  .the  substances  mentioned  by  the  French 
ebtmiat,  it. contains  several  other  ingredients.  Ox  bile^ 
(hi^  atate^  eonsisiB  of  a  volatile  odoriferous  matter  .given 
offby  dieapfiliMtlon.of  lieat,  cholesterine,  joesin,  aspaniF! 
gh^  pjcromel,  coLoiiiing  matter,  a  aufastiMe  oootainiiig 
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oitBC^i).  soluble  in  water  and  in  alcohol,  a  substance  in- 
•plublti  in  water,  but  soluble  in  warm  alcohol,  p'robablj 
e^iadii)e,  a  matter  supposed  lo  be  osmazome,  a  sno- 
ct^^ce  having  the  o(lour  of  urine  wlieii  heated,  caseoas 
Mattpr,  and  mucus.  Bc&ides  these,  there  were  fouiicl 
qIso  carbonate  of  ammonia,  niargarate,  oleate,  acetate,  b&i 
g^rVouate,  phosphale,  muriatej  and  sulphate  of  soda,  aaa, 
pliosphate  of  lime,  with  soda  in  union  with  an  acid  whicA 
toey  call  choiic,  from  its  being  peculiar  to  bile.  The 
water  amounted  to  91.^)  per  cent. 

Human  hile  differs  materially  from  that  of  the  px-  It 
is,  sometimes  of  a  greenish,  at  otlier  times  of  a  biowoulf 
cpl<iur.  It  has  a  bitter  taste,  and,  though  limpid,  usuaUy 
^ntain.s  a  consideralile  quantity  of  %fdlox  jnatUr  sus- 
^pded  in  il.  By  evaporation  it  yields  a  residue  amouat- 
yj^  to  pbout  1-llth  of  its  weight,  and  which  consists  of 
the  same  ingretlicnts  as  that  from  o\  bile.  The  acias 
tflrpw  down  albumen  and  resin.  Thcnard  could  not, 
hpij'eyer,  detect  in  it  any  picromel,  \fu\.  others  have  sue-, 
ceeded  ip  obtainiDg  jt,     TJli«  ibllowiiie  is.  the ,  aoaliiii 

„„„,,.,    ;«<?:'.,   .,.„V.].,,;..T,.     .„„M,J    ,1,,,,,, 


jjl^e  ipgredients  found  in  human  bile  by  Tiedemann 
JIJJ^  Gmelin,  differ  from  those  stated  by  Thenard.  They 
Wr*;  picroniel,  resin,. colouring  matter,  cholesterine,  b&- 
^,^9,fh(e  salts,  in  which  were  found  oleic  acid- 

,4*Hc  is  considerably  altered  by  disease.  Thenard  ixL' 
*n«f|ks,,that  that  secreted  by  an  enlarged  liver  contaiiwfl 
little  resin,  and  hi  (he  advanced  slate  of  the  complain^ 
*T>i»f4-,?T«?'«,*^^'^l.ol'^lburoen,  and  little  of  the  peculiar 
VRttex  wiiicli  gives  it  >t&  taate,  ■       ■       .'    .^   ,"'' 


^i »  I 


(Ironerraona  are 'sometimes  ft^m'fte'l^y'^tflllC 

hg  Its  lietentlon  in' ^he  gall  bladder,  ik  w<^A  ttii^  tfi^ 
casionairy  remain ;  in  other  insffanees,  tbey  pfasflj  jfitoMii 
into  ilie  ducts^  and  bdng  retained  tiiere/'grTcf  ffs^"^ 
jaundice,  ifhey  are  of  two  Icinds.  IThe  ^ost' '^rai^ 
mon  are  white,  and  haVe  a  erystalBne  appeat^Aii^^^,  fc^i^^ 
iorm^  of  concentric  layers^  with  in  gc^eriil'  a  'ttVictras 
of  inspissated  bile.  They  ar^  sometimes  of  the  ^z^  of  jfi 
pigeon'*s  egg,  and  only  oM  is  in  geneial  found  at  the  8«(A^ 
time  in  the  bladder.  The  matter  of  ^ich  th^jr  iire  ebttk 
posed  melts' when  heated,  and  i^^semhles  wai'.  ^  lt!is  so« 
lulitealfso  in  alcohoU  froiij  whldh  it^  is  d^ditf ted  ^eii 
the  temperature  falls.  Prom  these  properties,  FotirtWy 
considered  it  as  adipocir^,  but  Cher reml'cbbstdei^  it  'a 
siibstance  altogether  different  both  frbiA  it  niid  M^ 
spermaceti,  and  one  which  is  peculiar  to  bil^.  *^  ^  19e  HUi 
called  it  choUsterine^  (An.  dfe  Ch.  et  de  Ph.  Vi:)  It  is'^ 
cburse  the  same  as  that  noticed  li^jr  Tiedienn'ann,  'ks  efxist^ 
in^  in  bile;  ihAeed,Chevf6ulIhim8df  alerts,' that  he  h^ 
freqiiently  detecti&d  it  in  it,  (liondbn  Jourrial  5tVlli.^^'  '^^^ 

Cholesterine  (from  ^%xi^  bile,  aAd  ^f^^j  tolldi)'  1s)>r6^ 
cured,  by  dissolving  a  calculus  containing  it  in  warm 
alcohol,  and  instantly  filtering,  by  4Hbich  it  !ii  deposited 
when  the  temperature  falls.  • 

It  has  all  the  appearance  of  spermaceff,  bilt  is  distin- 
guished from  it  by  requiring  a  higher  tettiperature  fof 
its  fusion,  and  by  not  yielding  soap  with  alfejdies.  With 
nitric  acid  iff orms  a  peculiar  add,  call^  by  Pelletier 
and  Caventpu  choleHerie. 

Biliary  catciili  are  occasionally  found,  consisting;  of 
inspissated  bi¥e,  and  of  the  peculiar  matt(^t  abHVe^kipv- 
tidned,  and  (n  some  they  bate  bien  fimna  t6  t^'ihnoit 
entirely  free  from  the  latter.  Gaff.  stAnes  are  flr^V^t^ 
met  with  in  the  dx,  wtoch  tte  gen^rtDy  coAi^^'^Tf^ 
yellow  colouring  matter,  with  a  rbJnute' ^rtWtify  df  ku 
fcpiskated  bile, '  Wd  as  the  iatte¥  is  easily  tfemoved,  tHfef 
areiiiiidiu«aW*Ay6llo#^gi«*rtf.  ■''      '         "'  • 

Eryikrogen:    Another^  siibstance  has  tech  desctib^ 

^^'    '  •    ?./.-!;     ■*•»•'•.%      ?•»'.'.*• 
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upder  the  name  of  erythrogen,  as  connect^  ^ith  bUe. 
Ii«;WaB  foiiiKi  by  Bizio  in  the  gall  bladdcB  of:  f^  peraoa 
who  died  while  afflicted  with  jauudicek;  It  w^ioCa 
greenish  colour,  having  an  unctuoua'£fel»  .JJI.wa^.iQ^ 
luble  in  water,  but  soluble  in  warm  alcohol.  *  Wh#q  put 
into  nitric  acid,  oxigen  gas  was  disengaged^ff^d.  ^  ,ns4 
poured  solution  was  formed,  the  gas,  according  to,Bi2ip> 
lieing  evolved  from  the  acid.  A  similar  'solutioa  was. 
obtained  when  it  was  acted  on  by  ammonia,  but  in :  this 
(^ase  hydrogen:  was  set  free,  from  which .  it  appear^ ;  t^ 
the  erythrogen  unites  with  nitrogen,  to  toxvK  the  rod  «^ 
lutipn.  Henc^  the  -  name  from  i^i^,  red.  (Loip^on 
Journal  xvi.)      ^  .....,; 

r:  Ambergris.  This  substance,  found  floatiiig  itt  the  Of?^, 
In  tropical  dimates,  was  formerly  conaidcjced  tj^^^ym- 
Vmi%  of  those  whales  from  which  qpecmaeeti  is  p^^f^lilfd,, 
bat  f  other  opinions  have  been  lately  ad viuaped  i<fiikj^. 
spect  to  its  origin.  Bullion  Lagrange  disepvei^  V^i^. 
what  he  supposed; ito  be  adipocire^  .but  which. 'fcH^tier 
and  Caventou  ^have  shewn  to  be  more  nearly  aUif4  to 
^olesterine,  and  hence  they  auppose^hat  it  is  a.  bi^iiry 
calculus,  from  a  particular  species  of  whale.  -.  Tq  the;  pe- 
culiar matter  existing  in  it,  they  have  given  the  name  of 
ambreine.  It  may  be  got  by  digesting  ambei^gris  in  al-^ 
cobol^.  and  evaporating  the  solution,  by  which  it  is  ob- 
tained in  crystals. 

r  It, has  a  brilliant  white  colour,  and  is  earily  fused  by 
I)eat«/  Is  insoluble  in  water,  but  soluble  in- alcohol. 
When  treated  with  nitric  acid,  it  afibrdsA  peculiar  acid^ 
which^PeUetJer  and  Caventou  call  ambreic^  -(An.  of  Ph. 
•  ^vi.*)         •  ^  .  -    .  •   ..    -^  .  ..    ..    - 

As  bile  contains  free  soda,  it  forms  a  soapy^fluid  when 
I  mixed  with  oil,  and  hence  its  nse  for  taking  >Mt-  greasy 
gpptG^;  for  scouring  wocJ,  and  fbr''cleakiing''the  wnUa  of 
c41;  paihtefd  rooms.  Owing  t6  this,  dt '  is  vafao- dnigiqyed 
for ;inixing  colours,  and  for  depriving^hKn^Jbf^Jitli'aiaic- 
tuous  matter  when  it  is  to  b^  used  by  miniature  painters* 


'/ 
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^IThyte  18  tAk'€ii  up  By  the  lacteal  ve^eld,  and  Qonveyed 
bj!)  tfa^  tb  the  thoracic  duct»  an^  from  this  into  $he 
lilbbd,  befdre  it  passes  through  the  heart..  -    '  '\ 

\Tt' is  l(' white  bpake  fluids  having  a  sweetish  taste^  aiifl 
after  st^dihg  for  some  time  exposed  to  air»  forming  a 
Coagidum  soluble  in  sulphuric  and  mHriatica^^ids,  and  ia 
alkaGesV  but  insoluble  in  akohol  and  in  ether. 

Adcording  fd  Vauquelin,  (An.  de  Ch.  Ixxxi.)  the  cm^ 
gulum'is  intermediate  to  fibrin  and  albumen,  wbile  ]V(r 
Brtade,  from  his  experiments,  (Ph.  Tr.  1813>)ooncludeb 
iihkV'it  is  sithilar  to  that  obtained  from  milk.  ' 

The  fluid  part,  after  the  removal  of  the  coagulum ^  co!- 
isgulat^s  by  heat,  by  the  additi<m  of  acids  and  of  alc5bhol, 
and  hende  ^bumeh  exists  in  it.  Besides  it,  it  contains  a 
'substance  similar  to  Sugar  of  milk,  and  the  usiial  saline 
ingredients  of  animal  fluids^  phosphates  and  muriates  of 
soda,  and  of  Kme.  .;  \    ' 

Dr  Trout  has  submitted;  to  examination  the  ;^hyle  of 
twb  dogs,  One  fed  on  animal,  the  other  on  vegetable  foo^^ 
kiii  has  found  them  to  contain  the  following  ingredients^ 
CAnl  of  Ph.  idv;) 

fibrin,  -  -  -  .6  .8  : 

incipient  albumen,  *  4i.6  4.7  • 

albumen  and  colouring  matter,      A  4.6 

iugar  of  milk,  •  a  tmce 

oily  matter,  -  -        a  trace        a  trace 

I'  .      aaliae  matter,  -  -  .8  .7      .    ' 

f        watar,  -  .  93.6        89.8 

The  incipient  albumen^  mentioned  in  the  table  above^ 
\  ii^aecD^dii^g  to  Prout,  a  substance  which  by  some  pro^ 
/  €fiso  is  ultimately  converted  to  albumen.     It  is  detected 
■  in- chyle,  by  adding  acetic  acid  to  the  fiuid  .separated 
..  &Qm  the  coagulum,  and  then  heating  it,  by  which  a  preJ 
cipitBte  appears.  .  > 

Mtlk.  '  -    >  f 

Milk,  the  fiuid  destined  for  the  nourishment  of  young 


'» . 
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Mfanals,  iisT  tecreted  fronir  the  ftssds  of  thfe  itamnw^  ^e 
orjraptf  itttocbed  flor  that  pui^t^'  tp  the  f^iudes  i  dC  ihe 
iMiniiiifereus  class.  Cow^gmilk  bai^  beett^jewfdlj^liM 
Mibj^etof  ittVestigitticm;  th&prcipeitksarit^mil  thoNu 
fore  be  first  described,  after  wbicb  those  that-  dtfSir 
fHMiU  iii  fN>  far  as  th^y  have  been  ea^aniiied,  ^wU£^be 

.  Milk,  like  tilood,  irhen  kept  litr  rtat,  is  JspototafteDiwIy 
mdved  into  its  eomponent  parts ;  a  thick  w&itttb>c(E>« 
lanired  substancey  the crwn^  vises  Ck> the  surlaoe, 'HeaTii^ 
Ibe  inflk  beaeath  it  mueh  thinner  than  befoM  >  -  b 

Cream  is  an  oily  flaid,  having  ai|  unctuolis  feel,  laid  a 
ap.  cr.  less  than  that  of  wat^r.  i     *     •'  •' 

'^AcebrcfiAg  td'Berarelius,  it  eonsista  of  *       \.  ""       '^ 

^'•('";n'ljute*k'i      I    •    *  '=  w         ■■    'i  '■:4Wf.;!'?     f.  - 

b" '      ^'wh^y  Qontaining  augar  of  milk,        SS*  r   ij n  n 

and  which  are  easily  separated  either  by  spontanea^a 

dteu^gaii  or  by  the  action  of  re^igetit^    Whsa,-  tMUa- 

stance,'  it  is  kept  at  rest,  it  becomes  graciuaH||^tiaddaer| 

tili'^a^'last.  it  acquires  the  condstenoe  of  cfaeesei;^  avsd 

hbnoe  the  method  of  making  cream  cheese^  ante-elf  4ij' 

ptirttiftg  cream  into  A  linen  bag,  and  leaving  it  thecal  till' 

it4)eb^tties  i9olid;.  ^ah     ^v> 

Wbenicrieam  la  shaken^  it  is  resolved  into  iU  <4^aq»K 

n^te  fkrti*    The  process  by  whieh  this  is  aecoitqplished 

iS'ealled  chumififf^  by  which  two  sub^Uoesi  are  obtained^ 

budfigf^^nd  butter  vUOc^     In  the  making  of  'buttei^'  cteam 

iSAalloaned  to  stand  for  some  time,  durinf  whiob  j«^  acid 

i^'geniilr^tadw     It  is  then  put  into  a  chuHi  and  abadien, 

Vg^'iHikh'tha  buHer  is  gradually  separatedl^  Whttt  is 

1^  die  butter  liiilk,  has  a  saur  tastev  but  byttioioeaiii 

ae  intfeh  so,  aa  that  ^  the  creaaa  befoiia  the  aburisHg^ 

te  that  a  pan  itf  die  acid  seems  to  ha^i  dtmfij^iax^  ^^ 

bfiii  aeiitiialiitd.    BuHtr  is  sonialimes  ilea  madiq  Mm 

cream  which  has  not  become  sour^  but  tka^ptfociisa  aa^ 

miich  mbretedious^  the  add  formed  in  the  olhcv  case  £»• 

Touring  its  separatkn.  •'    '  '  *•    -^    -     '^ 


effijftiflsdjiirl}    ^^tjrff      «'^:f'//  -'oi'ia    Jv*(ffrvsj»   3^ii\  od  ei^l 

ed^  is  not  pure.  It  melts  at  about  96,  and  forms  a^l^ltMrr 
pak«ntjflaidy(iiAiob^ierfaenrkept>ift  tk#t  ^ti|teift>9Mi9irtIliHlc^ 
^Itpodlsjtlit  eiaartaeoafr>f]iu»tt»rffTaac}(otbe9:  benH^nlW/Jik^ 
otbcTfoils. .  iTlie*  foteign-ija^edinDl^  lAiiyidaQib^iA^imiAyr 
^  by  ^asbing^itt  wkJit  tQ}d^§it€Miiihyi^M^M  M(^ff^ 
meiitftd  ioeka  ihiaeomingi  nmcid^  4l»  Itopmtjffi^iti  >mfftop» 
from  the  presence  of  these  substan'tesir  Hi  radt  f/'fttii-g  .q^ 

The  oU  of  butmi^80C0ti^gltptCh%yfnmii^i^ 
et  de  Ph.fXftii.)  contains  dainj  and  a  ])eca]4ai|ri[j^rinciple 

which  he  <caUs  it^yrin,  and  which  he  de^f^isthftik>a8  oon- 
taining  novtess  ihMutbP^  ^^^AAss^f^tf^fffri^  ifqfimicy  and 
Cflprick'TiwM      f<\   -f>iiii'>   fr>!mj:iju^    ^lr<B)   f.Tii   rl-jirfw   bi£R 

AliUcl  finmi  Which?  rbMiU^  hasrr  bf^tt  .Uikfii,  xun^Of^ppfiib 
spoDtaneoiiMiollangeayjtfvIti  hecantsifim^  f^urferyo^-nildz 
cdngeals^iiitt)^  a^mastrior  (tibe-iCofitfstMC^lf^  jfll}l«»cl  \l9i4iii 
heflit<)dy  the  fofumtioiirjiiC  itfai^roolElgiiltaa  Ubk9igl»^y  oailAi 
hj^iihej^ditianvofi  cbi!laii)t]^j<ib9timcesf>iili[  lei^fqipiiFAOq 
curs;  thus,  acids  and  spirit  of  wine  curdteli^ Bidli^cfiti 
owqigite  (be  albuiiienlii  QDBtabsffaeb^Ml;9dffiilJi>iirdJllWi, 
lAilJlci  ism&e  wa3r  as  blo^  '  w  ^air >  oli  <^ggli^  S/rfif  Jfhif 
n^bflliipDlverfiil  coagtrfalorr  '^  faowtoireir;  Jbvuldsi^sMibfMitMi 
eaUedjreTifk^^  ^bic^iiaiibeediscoatioiiitif  ^Q^o^t^rilfxlta 
stasmdi,  rigeiunraUy.  df  ^rncalf^xaod  lof  («cnt»e)fxjW^iiiBgu[ 
gaati&Q  juiiofti)  iWintin  th«  fanilk  i$  /pi^iaoufily  btat«4ia^4i[ 
rennet)  i^ddedl»  ^it  isi  alnoUst  iilt(i(uillyt0oagUlatedy(Md^i%r 
after  thisi  it  is  put  into.a  bag)  eiidsuJb|0ele^tlijfr«itoujAit[ 
a  diMli  walety' flujift  ascapeai  an4«  tpughl  wbit^.sMbaftaiip^^ 
ia  lefi  .  .Tbeilbtiaer  of  Ihosa  is  lii^yi^.the'MttmjCi^nirb  ofs 

To  proonre  4iirdy  rsbiiaaied  milki  jtfter  b.ahig  ;«ligh%€( 
heated^  ahpuUt  ji)eicdagulaledriqr>Mnaii»  ^MfbjKJi^lQnmid 
ti<KlaeU,»aAdJumbgipii^lJb«ci^^ 
to  be  washed  till  the  water  comes  offrMrtdbm^  die  ^^niiuoy 
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Curdj  ks  Ati8  obtained,  resraiMes'ia'itB  fpopettfes 
plated  albnmen.  By  h£at  it  gives  ^  off  •  libe  <  ilmdit  picn^ 
ducts,  lea^ing,^  howevec^  a  Tety  large  pro{kird6&'df  piioo^ 
'jifaateof  lima  'When  exposed  to  air  in  Sta^moMt/vtMe^ 
it  very  soon  runs  to  putrefaction;  but<wtieiipF0tichdl^ 
dried  by  a  gentle  heat,  it  may  >  be  pireoenNld  withdte 
undergoing  any  change.  The  acids  didsolvditi  Svlpliu- 
ric  acid,  for  instance,  giTCs  with  it  ihe  ridi  red  solotiM 
peculiar  to  albumen.  The  fixed  alkalieii  alsoi  cKsiioh^k» 
irith  the  evolution  of  ammonia.  »!t; ',».-• 

'    Curd  forms  the  principal  part  of  cAre^^^^'tfae  tichntfli 
and  ilaronr  of  which  depend,  however,  in  a  ^eat  mea^' 
sure,  on  the  quantity  of  cream  it  contains  \,  and  heiMcetbe 
difference,  according^  as  it  is  procured*  from  the  entire^*  or. 
from  skimmed  milk  ;  and  as  the  lattei'  is  •  geMrnUy  -^secl 
in  this  country,  the  cheese  is  by  no  UMJiana  so  rich  laa  tflat 
made  in  England,  where  the  former  isiustiallj  enpk>yedii 
indeed,  in  some  places  a  considerable  quantity*  o^ereanl' 
is 'added  to<the  milk.     In  making*  chtese,  having '«btaia«' 
ed  the  curd,'  and  freed  it  of  its  wH^,  tfae^renniBibp 
part  of  the  procesA  is  merely  €o  subject  at  topitaranr^ 
by  which  the  whole  of  the  'whey  i»  fenced' mit^tlie^ooloiib 
being  ccmmunieated  by  tJhe  ^dditioil  of  «cAnd  sttfaatanb^ 
g«ierally  annotta,  which- is  ^hixedwith'thfe  milk  I  ot  i. .  fit 
*   Tbottgh  cheese  itiay  be  cohsidetedf  atf^eooglilated'^^biti^ 
inen,  containing,  however,  some  of  the  other  ingredieblk 
6f  milk,  according  do  Proust  two  pecuUir'iBdfaBtanoesi^a-' 
ist  in  it,  both  of  whibh  bre  produced  by  Ihetrhatfl^  Xk» 
curd  has  Undergone.*  Oftt  of  diese- her  has  ^called  couMrv 
addy  the  other  caseic  axidy  the  former  being,  be'etoOcivcii»( 
in  uidon  -witfi  ammonia^  aad  giving -tor 'cbc^eoCfiia'peeiillVIr 
flavour,  (Quarterij  Journal;  vii*V  >•        •»'(.  '.rvi'M)  vi--.^*; 
CoMc  Aaid  may  be  prdoored:  byJkee|illig  .iCtftd]£M^ 
some  days  in  successive  portions  of  waten^'by  iwhkhtphn«»i  ? 
phori^  aceti(^  and  oaseic  acids  ar^  Jbnned^  dsid  neutidl* 
ised  by  aumoniBy-akp  generated  4t  Ihe  ^lHneittee^lflBJi^ 
evaporating  >  the  fluidt,  treating  tbei  salikia  o^dim  irilli  - 
cold  aloohoU  *d  bdiHng<tiiet«obition  wi^  tmUkntlMkfwi'^ 


•^     v-\ 


lettd^theiariil  QlutBB^irltl]7tl0^^idi^>}€ini8itig  thc^Uhq^- 
•ttov  bfi«tiie  pho^ate^r^ji^hilerdliHfc  cibeateWirttiipfemeiiiig 
laahK  dis8oItvd^n).^3^  tHe/tnm8mk9H)Boi6l^T^lpU 
IqrdlDgafeigaftJdifaui^  thleMiifkBip':itii^melBbib']jpred(fi| 
tfliled^ileai|iiig^ithe  eddsv*  ^Whidlntniiy^  (be  vsparateik  l^jacU^ 
tiUatioD,  tbe  noetic  add  ooniiiig  Q»eiri   oiitroB   ^^  \<J  bsirb 

Gweic  aoid,  left  in  tbe>reteiit  ixbjdKr^qpeBs^likeffiffiH^ 
veBcmbles  syrup  m«  itS'  a^jpearancry  »indr>ibecaHiit&t]dma8li 
sdlid'kfaea  kept  htimiiai&.tinte.^\  Kiinc>cminSUoaiiiitaiaoiti 
to  oxalic,  but  there  are  also  formed'ibUtlila/benKQifaailiflif 
aadkiijreUoi^  bitter  priDciplef  )iJ|lr>iiflHfe9r^itlnfaikdiqiiiibd 
farms  salts,  the  most 'iiiq3oitan|  off!  iifUkKtisiinirakf^ 
atdmamiaf^  beings  as  iProust  asserts^  'Afinxau^st^ce  tJaate 
gireato  cheese  its*  phsaliair^avotm  '.WJ)to(paBe,8itsDta8K& 
ii'sriine,  bat  isixed  whh  tHat^ofiebeesd^nrr  \yjm(nii»  moil 
^  Came  band  >  is  obtained  fi*atD' » the  (saliik^  (mdlter>dGGGtfbjii 
the  aloo^'  in.  the  proceast  iar^n^u)cm^Akb^.^i£lAa\  ^£oin 
this  poi^sej  itis,waslird>*with>iucce99iiic{  poortCDOs  ol^eoUri 
watet^i  <liU  <  it  J .  Ibsea  the^  taatiei .  «£  cheesd  j  i  laaaHthckiilidilad^i 
aDdrtbensolotioa  filtered)  and  eVaqDordtcd^i^d^iring  vA£cbd 
theioxfd  is  separated  in  thin,  films  on  tbesmtfaadt  Thels^ 
•wlieii^waslied  and  dried,  \aittr  tasteless^  K  ahd  idsolobiwiild 
oold'VBter^  but  >-ai:«  dissolved  Whenrihcii^tciiipemtai^niBd 
raised  to  140^     It  iH'  apariagly-scdiibk  in;  worm  ^Itoboi^ 
beiaig  again'  deposited-  when  it ooo&s.7i  It  jiaiibsal^bkdh 
ether.  •••-''  '    ■  .  *. -    ,i»/./..»)i   .-:ninic)noo  .nam 

Caseic  oxid  is  frequently  f<iUnd  %cchi^es^iriipiit^ibiqnt^o 
rate  stated  in  the  form  bfi'ifmoU  4irEiter  ^eekftri  ^M^ei 
whb  oasteatk.vfaRttnonia^  it  dbnstitmesfiwarSO'to^^aiid 
cent:  of  chees^.-;.-'^^  i     •  m-'  j'-  .^^^t,^  v/.uwy  t-,<:o  oriJ  ^^nn 

Tbr  refifiihifng  doDStitUfflt/of  ittillc  is  whigr  ^Mi(ifAttiar 
procured  from  the  coagulum  by  n9pdkti^^fih»if^|n|iii»'«pR 
trantpareot  flui^^  havihga  paley^ibwfsbcoloilr,  ^OAd'^ 
pleasiii&Mt^etlilste;'*  •'•'  i  -    {'ii^'\(ji\  '^v  i:?-^ )*'.,<  nr^'{ob  snioe 

Along  Mth  4itber<)ngmdienft8^iit^^ootitnn^f|i«>ffiteUt0iq 
quiMtity>af  tcimd^  Whi(5k  teajyi>6  >|iepahieate(i<^byy«tlo^d^sr 
it  toistfflid in^-a  mmkm  nMn  |or>soKie  Auk^  oiiYfa^nbttiUwij^v'^ 
it,  and tfitanriHg  after  ithaiLbacbnieibdUL  b(it  iiuiittii^o^ 
-lourless,  has  lost  its  peculiar  flavour,  but  still  retains  its 


314  ANi]y«igUiRi<ifii>s. 

8iib9taivfia  ca11e4  ^^*garK  ^  mlk^K^  ^^ig^\^\Wf^  7^»^ 
in  i(a  pr9pe];ti^,  resembles  (he  i^cabadgaentfU^^r^^llVf^ 
te)>les.  To^  obtain  it  pure,  the  wbey  i^^QflVi  b^cMIII^ 
.ra,tqd  toithe  coijsUtence  of  bcw^yt  aody.i.^h^qiiijMf^i^ 
solved  in  water,  filtei^ied,  and  again«(9V|ipprAt0d.b   ..  rjnor. 

Sugar  ^  milk  is,  soluble  in; waters  .^t-  i^^uWf  i^ 
alcpbpl.  When  etxpoaed  to  h«att  it  yields  th#  ju«i^#l  |^ 
ducts  of  vegetable  maUer ;  ipde^y  in  iU,  comfi^^op.  .8^ 
zelius  and  Prout  biiv^  found,  it  (a  poptniiw  tb^  .AiH^ip*^ 
gradients  as  commpp  s^gar.  Jt  4oqb  mty  (M)COf4ta0!lP 
Bucholz,  undergo  vinous  fermentation. 

Though  sugi^.  of  niilk  resembl^,  ^mnioiXydugM'  k& 
many  of  its  properties,  it  .differs  frpm  it  in  i^  ac^OA^ifitii 
nitric  acid,  the  latter  yielding  oxalic^  and.  miuip  li^ds, 
the  former  a  peculiar  one  called  «accAo2tu^i(fC.  ^procure 
ity  diluted  nitric  acid  i»  poiirf^  QUJtt  and,iW#Cttiwrpi^ 
motc^  by  the  application  of.  a  slight  b(^t,  by  .Fb^b  nil^ 
oxid  is  disengaged, .  ajod  9,  y/^lU>wieb  ncibiKi^  lif^^^fmidi 
which,  when  diluted  Mr^h  w<i^teib*  yM4B/A.iM4^Lfi€»dWM 

of  9aCcbolactip.acji.4«ifi.-  :iir,:    .K.i'..,-    ,,-;:.,;    /-ull  .i-->Ji;ioqKVM 

Saccholactic  acid;  bas'«  sour  KliMste^  ^i^d  r^d|if9w^bMI» 
It  is  decomposed  by  heat,  giving  off  the  usun}.  pwd^fMf  ub 
unites  with  basieSff  |in4Mm9  QWpooiii^}  ^/STop^TtMl 
of  which  ^veppt  been. piu;tici|lar]y:rei^|^^i9l^<o  tmv.  M^ 

Saccholactic  acid;  ;p^y  ^Isojlj^e  qbtaiiied  |>^  th^  ^m^MpP 
^  nitric  acid  on  gum;  and  ,hew^  tbi?  Kk^xm^iWflf^M 
acw^givenitby  Fourcapoy.  .,         .,      .    „,,y^,  .,i.  ,r|  >' 

Another  acid  has  been  described  as  exi8/4PS;9^.J3U^ 
or  ri^ther  formed  during  ^he  change  tba(.vji(y^,t4i9(i9i;gDe8 
spontaneouely.  1 1  j$  ca]Iedi  Iodic  add^  9^^  aca^r4Q\S -^^ 
Berz^us^  is  a  component  ,p9jr^.  of  ,ali]|o^  ey|^iimi«44 
eubstance.  Thi^  aci4  ia.npw,  howev^puf^Jpwjw},  e^mil^ 
Berzelius.  hinv$elf,  to  b^  n^ely  |ac€|ti9T.»rML;<iiftg¥i\gfyif  >fiif> 

Sucji  iare  ^\p.  oojnponent  partii  of  oa^Trt^^  ^^,M^%r 
t^,  or  flutter,  tbe^a^epu^  part,  w  ^ur4i.i^bfl  wMPiiPft 
whey,, with  the  SMgar.wd  siOii^ iflg^eiM^itul  /d  .i-^nof^ 

Milk  tiMcen  f i^m,  4iffeirejit  WwWa  li^  ^  ii^asMiUm^ 
ral  properties,  but  variefk<ii»,,th^(p^9f>^!^Jm#^illK^filV^ 
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dieui^  WooMtCs  niilk  has  a  sweeter  taste^'  tanuAoii  more 
0Fettb)r,  'and  liaa  very  little  caseous  Boatter.  As^s  milk 
ht0  'litiB  <Mam  and  curd,  but  more  of  the  saedharine 
pritt^iple.  Mare^s  milk  does  not  afford  butter  by  agita- 
fiiin,  'kkx^  ediBigulat^s  by  the  usual  re-agents.  iThat  from 
goats  aud  eWes  resembles  cow's  milk.  r  i 

'  l^le^  hnportaift  uses  of  milk,  as  an  article  of  food,  ''are 
WeU  ktiowDi  Maters  milk  is,  by  sonle  df  the  Tartar 
trittes^  tiiade  to  undergo  fermentation,  and  yield  a  spirit 
ttKHli'  fluid,  whid^,  however,  is  extremely  weak,  8  pints 
affbtrding  daly  about  4  ounces  et  alcohol: 

TxAEft,Mtrcoa6  Fluid  of  the  Nose,  Humours  of  the 
Brte,  Fluid  Fao>^  Serous  Membranes,  Liquor  Am^ 
irii,  Sykovia,  Sweat. 

,       ,  J  \       ,      .  ;  • 

•  »     / .         1    » 

Tears f  mid  the  4nucau9  fluid  from  the  membrane  of  the 
nicmi  are '  nearly  oi^  the  same  composition.  They  are 
trtfnsparetft  and  colourless,  have  a  saline  taste,  and  change 
bitten  to  greeh^  awiilg  to  the  presence  of  free  soda.  When 
evaporated,  they  leave  saline  and  animal  matter,  the  for- 
aier  <iodsist$iig  hft  phosphates  of  soda  and  of  lime,  and 
iiiuri|it«»  tyf  I60dti4  When  exposed  to  air,  they  become 
thick. '  By  the  application  of  heat,  a  coagulum  is  form- 
ed, and  on  the  addition  of  sub-acetate  of  lead,  a  flaky 
matter  i^ 'deposited,  so  that  they  contain  the  usual  salts, 
with  albuBften  and  mucus,  the  last  of  which  is  supposed 
to  be  the  cause  of  the  change,  they  undergo  when  long 
exposed  to^  air. 

ThehUm&uri^if  the  eye,  with  the  addition  of  gelatin, 
epntaiil  the*  siitte  ingredients  as  the  preceding  fluids, 
ddiy  difibk'ing  in  their  propotrtions.  In  the  vitreous  an(i 
qquMue^  the  quantity  of  Water  is  great  compared  to  the 
Qtbermafter,'  amounting  to  upwards  of  96  per  cent. ;  biii 
i0  f^  crget€^ne  lene  there  is  only  about  60  per  cent,  so 
fbat  Ihere  xa  a  considerable  proportion  of  albunlen,  and 
benee,  by  boltmg;  it  fbrmk  a  white  coagulum,  which, 
afNXKPdiMf  to  Bereelitis^  resembles,'  excepting  in  its  colour, 
the-c^louriiig  matter  of  the  blood. 
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'The  fiiAi  fr(^  BeroHiS  membranm  is  also  of  similar 
composition.  That  of  the  pericardiumilrasfouiid  by  Boa- 
ttx^k  tb  consist  6f  water,  iedbuiMn,  mueus,'  aod  ilNiriate 
of  wda,  the  first  forming  92  per  cent.  -    •  I 

"  Thi  liquor  amnii  was  at  oti^  time  supposed  io'eontsiii^ 
in  addition  to  these,  a  peculis;!:  acid,  de^ribed  bj  Vaii^ 
queliti  and  BtHliva,  under  the  name  ci  amniotic  acid; 
btit' Front  and  others  have  not  micceeded  in  procuring  it 
fi-bm  the  same  fluid.  Prout^  boWever,  states,  (An«  of 
I^.  t.)  that  be  found  in  it  sugar  of  milk,  in  very  smaU 
qtraiitity,  not  exceeding,  even  when  mixed  witb  the  sa^ 
line  ingredients,  3.8  in  the  lOOO.  . 

The  synovial  Jluid^  found  in  the  cavities  of  joints,  dif- 
fers from  the  preceding,  in  containing  a  larger  quantity 
of  atiimal  matter.  It  is  viscid,  but  when<  kept  ibr  some 
time,  becomes  gelatinous,  and  deposits  a  fibrous  substance, 
after  which  it  regains  its  fluidity.  Alcohol^reeipittttes 
albumen,  and  the  acids  a  substance  similar  to  glutev. 
According  to  Marqueson,  (An.  de.  Ch.  xiv.)  it  contains 
i^ut  80  per  cent,  of  water,  17  of  animal  matter,  and  8 
of  salts. 
^   Sweat  contains  the  usual  salts,  with  a  minute  quantity 

of  keid^  supposed  by  Berzelius  to  be  lactic,  (acetic) 

\,i*i ..  ■  .  •  .  ,  .     f 

b.;.       .  ■  -j,^.^^,      .  ..-...■• 

%^PiM^  xnt  punient  maiier,  varies  in  its  appeanince^'-  ms*> 
^diiig'to  the  sore  from  which  it  is^ secreted. «  Thitfrom 
a  fott)  ulcer  is  thin  and  pale-coloured,  whereas) -that  f ram 
a  healing  one  is  of  a  yellowish  colour>  and  tbieldsh  oon- 
sisteui&e ;  its  specific  gravity  being  about- 1096.  It  does 
fiot  afiect  vegetable  blues,  but  very  soon  beeomea  add 
by  exposure  to  ain  When  examined  by  a  micnnoo|ie^ 
it  a|^ears  to  be  composed  of  minute  globliles'floatii^  la 
^  thin  fluid.  It  is  not  dissolved  by  wat^r  ;^  -ftlfeV  v>^^ 
4iak€9i  together,  it  falls  to  the  bottom.  >  4)onoaMlikM&i 
Wds  ^ssolve  it.  The  fixed  alkaUes  ibrm  withit4  tUob- 
itbflliid;  but  ammonia  mabev  it  tnautfm&iMi^  mti^gii^ 


»' 
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flualljr  diisoly^  a  jart  of  it.  Alcohol  causes  ^t  (9^e« 
coolfe  thick,  but  does  not  dissolve  it^.  .  t 
.'With  the  view  of  disUnguishing  pus  &oiDjnucue>  Mr 
Darwin  has  proposed  different  te6tS9  but  we  ^cannot  pUoe^ 
Qiiich  veliance  on  them.  Perhaps  that  recommended^  by 
Graismeyer,  (Thomson'^s  System,  voL  iv.)  is  move  to  bf^ 
depended  on.  It  consists  in  triturating  the  fluid.with  jitf 
own  weight  of  boiling  wat^,  and  then,  adding  an  equal 
quantity  of  a  strong  solution  of  carbonate  of  potass.  ,Jn 
the  course  of  a  few  hours,  a  transparent  jelly  will  subsid<r 
to  the  bottom  if  it  contain  pus,  but  which  dpes  not  ap- 
pear if  mucus  only  is  present.  :      •    .    % 

U&INE*  1         . 


**M 


Urine,  the  principal  excrementitlous  fluuldi  ibasr.loi^ 
^gi^;ed  the  attention  of  chemists,  audi  physkiani,  .noi 
only  from  the  changes  it  undergoes,  and  hence  giving  ipilfir 
to  some  of  the  most  afBieting  maladies  to  which  .we. ac^ 
subject,  but  also  on  account  of  its  complicajted,/ nature 
tod  the  peculiar  substances  procured. from  it^  iTheaf^ 
tention  of  philosophers  was  first  called  to  it,  from  it9  baVr 
ing  been  found  to  yield  phosphorus,  the .  properties*"  of 
which,  at  the  time  it  was  discovered,  >  ;were  consideifed  ftot 
remarkable.  For  its  chemical  history,  we  are  indebted 
to  Boyle,  Haller,  Margraaff,  Pott,  Rouelle,  Proust,  and, 
Klaproth;  Scheele  also,  Cruickshank,  Fourcroy,  and  Vau- 
qitelin,  have  added  greatly  to  our  knowledge  eonoenung 
it  I  and  more  lately,  Berzelius  and  Dr  f  rout 'have  poipyU: 
ed' out  new  facts  respecting  its  composition,^, and' the 
changes  it iUndergoes.    ,  i  >.    .  ><    '\  .  jm  v,i)rinj.i  < 

'/.  Urine,  evM  from  heathy  people,  j^arief^injit^  a^pfii^ 
linoe  at  different  times.  It  is  in  gieneral  of  a  palefamber, 
e^tur,  and  when  recently  dischao^ed^  is  tran^arent^but 
it  ^equently  b^oiwies  muddy  when  Icept.  .  .Its  sp*  rgr»  \a 
60m  1006  talOSS  ;,  perhaps  about  1030  may  be  coneidei^, 
Isd  the  average.  ,>Tbe  colour, ;odaur,  and  specifio  gravitjr» 
vttry,  how6T)6r,iiiieaordin(g  to 'the  quantity  of  .drink,  and 
t^tiiM  tbe:tiomrb«6  remaJnod^iAtiMtihladder.;  fWhan 
substances  are  swallowed,  which  caus^  it  to  be  secreted 
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quickly^  as  by  the  use  of  spiritoout  Ifqnorty  it  pimct  c# 
almost  colourless,  and  with  very  little  odmir^ '  wherMi^' 
when  retained  in  the  bladder,  it  becoiooes  darker,  «kid^ 
smell  stronger.  Particular  substances  swallowed,  or  iiU 
vapour  of  them  inhaled  by  the  lungs,  also  im{>art  to  it 
their  peculiar  odour. 

Urine,  when  recently  passed,  changes  blues  to  Ired, 
which  has  been  successively  ascribed  to  the  preftcfnbe  of 
free  phosphoric,  acetic,  and  benzoic  acid.  Itifl('Bo#'geii6i'' 
rally  supposed  to  be  Owing  to  a  super-phosphate. 
-  Urine,  a^  it  cools,  gradually  deposits  tniHute  ci^rfbb 
of  a  reddish  colour,  shewn  by  Sc^eele  to  Mntahl  dpedt^ 
liar  acid,  to  which  he  gave  the  name  of  uric.  The  de- 
posit varies  in  different  individuals,  and  even  in  thekame 
at  different  times.  After  the  use  of  acidulous  Ibod  or 
drink,  and  in  those  labouring  under  certain  diseases,  it 
is  considerably  increased,  forming  in  the  latter  case'  tW 
laUriiious  sedimenij  which  has  been  lately  analysed  hf  Hi 
Pix>ut,  and  found  to  consist  df  phosphates  of  lime,  aod^ 
magnesia,  soda  in  union  with  the  acid  caUediufiJri  aH^ 
with  a  minute  quantity  of  that  tended  purpHtiej  wUdi 
is  the  cause  of  the  red  colour,  the  intensity' Varying  M^' 
cording  to  the  quantity  of  purpul^t^'.  A  Mtiall'prf^idl^' 
tion  of  nitric  acid,  according  to  him,  also  exists  lO  it' 
(Prout  on  Calculous  Diseases.) 

When  urine  is  kept  for  some  time,  i^  undergoes  spon- 
taneous changes,  and  a  fetid  ammoniacal  ddoor  Is  di^bd** 
ed.  The  decomposition  id  oceamoned  by  the  eleteentt  of 
the  peculiar  principle;  which  givds  It  its  patti^^ar  ^rd-* 
perties,  entering  into  a  new  state  of  contbinatioti,  and  gl^' 
nerating  ammonia,  which  causte  the  d^jknsklM  oi*  soiftie 

■     f    ■       . 

of  the  saline'^matter.  '*'  ' 

Similar^ changes  are  effected  by  distillati6it.  A  iWltety 
fluid  containing  ammonia,  formed  b^' >thf  Aecdttjp6ira<Mi'^ 
of  the  principle  alluded  to,  comes  oviV,  the  unhe  ffldi* 
becomes  muddy,  from  thd  deposition  of  flbccule^  BfafMer,' 
principally  albumen;  and  if  the  evap^ation  be  cbHtlnaW^' 
it  acqtiires  a  thickish  consistence,  and  a  ciystalUil^  radM 
is  obtained  on  cooling.' '    T!ie  '^>art  ^maiiAjff'  flfd^,  c«*  * 
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yi^,t|ie',pecuUBjr  priqci^e.wlucb  cownntnlimteii  to  mw 
i^ptq^ieuia^piopeftm^  «nd  »hicb  .i^  caUc4  Wfle  ^m  Wftt 
^^B^UUiqe  matter  is  of  a  yery  explicated  lutUKr 
VUbeiD  subjected  ta  a  strong  b^ftt,  .  it  Taffords  carbop^te 
^d . byidrp-cjaDate  of  anuaonja*  ^ith,  a  fetifl  oi],  »oA 
vben  the  temperature  becomes  high  towsrda  the  end  of 
tlfp.,pTpce»s,  »  minute  qvvitit^  of  phoaphoius  U  dts- 
ti^edQirer,  owing,  tc  the  .decomppai;tiQn  ,«f  ifjioipbocic 
a^f,h,j,fh^  carbon  set  free,  £:Dm  the  decoo^ioKd  animal 
natter.  "Tbe  residue  of  , the  incineration  ji»MM»ts  ^i  a 
vafie^.pf  saline  ingrectientst  «|iicli  have,  bowever,  b«ea 
dj^^^ytljr  stated  by  aatboifc  „  TTrey -lu^  ,cbi*flj  muri?- 
aif^  of'^da^  potaea,.  and,ampwnia,,ipb(Mpbat^s  (^  sod^ 
ajpopiua,  lime,,and.inagiiepia,.axi(i,pboqibateof  magBSn 
^  (|iid  ammonia,  but  tbeae^  it  muatbe  rfmarkedj  do  out 
all  exist  io  urioe.  Tbpae  containuig  aunaooia  bave  been, 
formed  during  tbe  evaporation  and  iauaeratioo  by  tbift 
a^ali»  generated  by  the  decomposition  of  the  uree,  unit, 
iftg  with  tbp  ■  superabundant  add.of  those  which  areia 
tftke  state  of  auper^salts.  We  find  accordingly,  that  ie« 
^geqta  indicate  subatancea  io  -Aolutioo*  difiearent  fr»m 
U^Qse  prc|duced  by  er^poratioot  and  it  is,  by  ^e  use  of 
tl^^,  .that  we  are  enab}^;^. detect  t^.  ingredieuts  ex- 
irtji^init  ,  . 

The  acids  cause  little  c^a^^gepo, urine.  On  the  addi-. 
ti(>a,of  muriatic,  there  fn  socpetimea  the  deposition  oC  a 
precipitate,  which  is  Petm^acid.  When  the  urine  ia 
Cffaporated,  the  deposit  is  in  greatei"  quantity.  Aecord- 
iog.to  S^e^,  this, acid  ei^ists  in  all  urine,,  but  Berzelius. 
atat^.pia^  h^  cppld  JK),^  4f)^fct  jt  in  that  of  children.'  Iif. 
ti^^  o^  h^bivorous  animals,  it  exists  in  considerable 
quantity. 

Oxati(^  acu},  ^l^ws  <^Qwn  lime,  which  exists  in  the 
s)^1j^.<^  s^yier-pbaepb^tQ.  H^ce,  on  the  addition  of  po- 
tjjsuy  phosphate  of  iinie  is  deposited,  the  excess  of  acid 
being  saturated  by  the  alkali.  If,  on  the  contrary,  lime, 
water  be  added,  the  precipitate  is  in  much  greater  quaik 
tity,  because  the  whole  of  tbe  phosphoric  i^cid  is  thrown' 
de^B  i^i^  ^**^.9^  PWi^PM^    Al(»)g,«iUi  the  ,piio»-' 
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sia,  and,  according  to  Berzelius,  lime  dBcr'UT'^cvkiliteirtfiHi 
i^i^^jtJb^aetd;{dr;<ih  the  addition  of  snlphttt4e"a^d  to 
tbe  depbsHr,  a  vapour  is  giveh^  off,  Which .  corrodes  f^niSy 
f An.  dfe  Ohttt.  Ixi.)  -   •  >  .  ;  .  ci   .    ...  .  : 

y*"  When  muriate  of  baryta  ia  addiid'to  tbrme,'^  after  the 
l^ition  of  a  litfle  nitric  acid,  to  prevent  th)^ ' diepositioii 
'6tt\it  phosphates,  sulphate  of  baryta  &ils;^  io  that  litL 
phurit  acid  also  exists  in  it,  tad^  '.according''  ^to'B^tie- 
IMf^"  It  i&  iii  union  with  pbtasia  and  ilM^da;     if^'^ttKdlrihe 
^pteipitate  iB  retaoved  by  filtratidn^  the  fliriff,  "wiCh-^ 
^«4«%e»6-)df  nifritf  aeid  and  of  bkryta;  ii^^i^kporlit^-  mdre 
Mlpbiite  ib  deposited,  A'ottt  ttfaidi  ik;  has  b^^^hJfatM, 
4hHtMphur  exists  in  it,  and -has' by  ibe  nitriead^lieen. 
^^ilbiffVM^'to'vulphutic  acid.^    This  opinion  ae^ttlir'to  be 
%ti<ef^tbMed  by  the  fact,  that;  Pcofd^t  afid  Vbgel*  femtd 
- Ibftt  m<^et  exposed  to^  tlrine  foecatiie  blackened^  ^' " '  ^  ' 
^iWtrAl^'rf  Wlr^,  ^ftet*^  the  addition  of  -nitric  gH/k 
causes  a  copious  precipitatidh  ^f  thldrid^  eqj&brMalt^ 
mkribiidatfd.    '\'      -'^^"^  1  i  .'•     v     ■       •  --•^•'>-  ■-^.  -. 
'  Urine,  according  to  Proust,    cpn tains;  tcarfioma^  kicU^ 
irUch  was  Btdme  timesuppOKd  to>be  formed-bgFthfe  de- 
composition of  the  urea ;  but  Brande  andt.iMiers  hare 
shewn,   that  if,  whea  recently  discharged^  it  belliej^  un- 
der an  exhausted  receiver,  bubUea  iB»£  gaa  cbnia^nfiv  Hhat 
render  lime  water  turbid^  MiTheug^uoarbonic*;  add  has 
been  detected  in  urine,  there  is  no  daubt,  >thatithe  greater 
paft  of  that  found  in  depositls  firom  it^  is  fimBtd  by 
the  decomposition  of  the  peculiar  priqciple»  and,  .^^f^ 
quent  production  of  carbonate  of  ammohiai'  wnicb,  actug 
on  the  salts  of  lime,  gives  riiiie^to^the  gciiei^dri  -ol  ctot^ 
bonate  of  lime.  '-•'■'  -^ 'J  '   '  .*  '      '»^-  >•*» 

'  'Jcetic  tccidj  it  is  mentioned  also  'by  Prou8f,^^Ai«fci  fii 
urine,  but  later  bhemi^^  ^e/' 0bt  alkii^  fhe%eMM^  of 
his  conclusion,  supj^b^ng '  cither  thAtat  ¥a^  ftriulWJ  Jotw? 
the  process  followed  in  detectin^'it,  di'^hJkt^tKt^WW^^db-'. 
tained  w^^l6i  At^H^rhtittdelk  <ttA^.-  ^Vimfi  HapcH^'ib' 
this  peculiar  acid,  mentioned  ^by  1fcrt^B»' Aa«dlf  ii|^W-' 
dient  in  almost  every  animal  substAc^^'^tJtfil.B^tl*^. 

•T       'f. 


iMdy'  itated^  that  fieridius  himitelf.  «llow0^  ihti  il 
ilMBerely  the  acetic  disguised  by  the  preat ilce .  cif  some 
other  matteri  so  that  we  are  to  consider  the  statevenl  of 
Proust  as  correct,  that  urine  does  contain  acetic  aaUL 

Silica^  according  to  Berzelius,  is  also  an  ingredieni  of 
urine»  aad  may  be  detected  by  evaporating  it,  dissdlv- 
iug  the  extract  in  alcohol,  and  afterwards  in  diluted  smic 
riaticaeid,  by  which  a  powder  is  lefty  whiehy  when  fused* 
wkh  soda,  forms  glass. 

In  addition  to  the  saline  ingredients  already  mention^ 
ed»  there,  is  a  considerable  quantity  of  animal  maUer. 
Infusion  of  nut-galls  throws  down  a  preeipiiate  generally 
aUowed  to  he  gelatin ;  and  that  aUmmm  is  present,  is 
abewn  by  the  fluid  becoming  muddy  when  heated];  in- 
deed,  in  some  cases  there  is  a  sufBcient  quantity  to  cauee 
coagulation,  as  in  the  urine  of  those  afflicted  with  drop* 
aical  diseases,  and  also  of  those  subject  to  dyspepsia. 
Urine  also  contains  mtfcti^,  tthe  quantity  of  which  varies 
according  to  the  time  k  has  remained  in  the  bladder.  It 
may  often  be  separated  by  filtration,  but  even  after 
this,  it  is  sometimes  also  di^posited .  as  the  temperature 
CsUs  ;  indeed,  the  lateritious  sediment  frequently  contains 
a  considerable  quantity  of  it,  for  on  treating  it  with 
acetic  acid,  mucus  is  dissolved.  Besides  the  ingredients 
mentioned,  urine  contains  also  two  principles  peculiar  to 
iV  ^^^  fti^d  uric  add. 

It  ia  difficultt  when  so  many  substaneea  ayist  together  in 
a  Aoidyito  find  out  their  state  of  combination;  aceording* 
ly#  wry  different  accounts  have  been  given  of  the  saline 
ingfedimts  of  urine.  Daring  the  evajporation  of  a  fluid 
eojtfaining.salls,  new  affinities  are  brought  into  phiy^  and 
compounds  altogether  different  from  those  existing  in  it 
ans.fNppttMred**:  But  another  difficulty  presents  itsdf, 
l4^l9^pef;t ^tannine*  The  uree,  during  the  evapom* 
tipib  gin»;w(es.|ipsinonia,  and  thus  causes  the  decomposi« 
tif»|K^  ^sooso  ^  4he  coitopouMU,  and  the  formation  of 
ci^ers«^j..Ii^k^fe»;;instead  oCfiree  uric  and  bensoic  adds, 
wm^.l^^hipapatfl  qf  ammonia  are  obtained;  and  in 
^^M^M  rjfelt  C^Bt  iplicplibiitesj  neutral  phosfiiatas  and 
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lijptnBrtittiitcoHplMBpkates  aire  defXMited.  It  is  eiddtnt'SraB 
thk^itholtlln  lobstamceft  proeorcdmiiil ^ttrgr  ttataidUjr, 
aMording  to  the  mode  cf  analysis.  .  .1  ^  •  ..     t 

The  latest  analyns  xb  by  Berstliti&     AmiMVdias  to 
hmi)  1000  parts  ooDtain 

water,  .  .  - 

urea,  *  •. 

<'  urieacid,     .  -      .      *• 
phosphate  of  ammoniay 


C 


tj.i. 


983.00 

to.m 

1.00t 
1,05 

sue 

StA4 
1.0(1 


V-  % 


^^  4  •• 


;  ,  ,| 


17.t4 


tM^. 


muriate  of  do. 

sulphate  of  pdtassa, 
'  .u  ti  I    I .  stdphate  of  soda, 
« i )  t  If  >;>  phosphats  of  soda, 
uii    <f  .liinuisateof  sbda, 
w'^ri .  aarthgK^iphoaphates,  with 
'w/n  '   •!:  1  fluate  of  lime,      . 
-\  '■  lOlaolic  (acetic)  aoid, 
\^u'.\  ,'   lactate)(ttcetate)  of  ammonia, 
1  r  . '.  ' .  sliimaL  matter  soluble  in  al- 

'   ir    <    ir      ''/Oobol,. 

( ' .'.  '  ilree  not  separable  fiom  the 
,  peeoediBg, 

\     '     mucus  of  the  bladder, 

h  »>'    .silica^     .'   •  -  - 

(Wsd.  CWr.  Tr.  iii.). 

jTjhe  urine  of  inferior  animals  difPers  oonsiderablf 
fxom  {that  described.  In  all  it  contains  urea,  but  la  tim 
hfiifeiTpivHis  ^ss«  there  does  not  seem  to  be  any  aria 
aqjl4)|(aiistead  of  which,  there  is  a  considesaUe  qasatd^ 
o4<>^9bic^i  That  of  the  horse  is  of  a  white  oolimr» 
ai|^|ffi|.(|  peculiar  odour.  Whea  exposed  to  air^  k  aa^ 
quires  a  crust  of  carbonate  of  lime  on  its  sorfaM,  and  ^ 
ttgji^elj.bQPomes  milky,  from  the  deposition  of  aarfao- 
nMeb.ir'j((rifie  ,of  the  cow  and  camel  is  nearly  af^  ths 
saipe  (ipto^osiltPi^  '  Urine  of  the.  Ikm  and  tif^.  jia  (d^. 
titute  of  uric  acid.  That  of  bird%  partitttlndiy 
th94etf^iw^!im  fleat|,ocisb»  eontain.it.  ^X\mt^M 
biiMMPHMltS'it4n  fi^^  and 

tirely ,  of  urio  acid.    Aocordmg  .to  Davy,  that  of  liaardst 
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rnhkb  h  *«f  a  fcutyrateoili  ^oM^tM^ft  wlm>  dMmi^ 
^9  tnti  «Don  betomni  faatd^  k  of  tbe  wmam  oonlp6dtiam; 
and  Frout  found,  that  that  of  tbt  biMi  eonilrfet«r  eoi^ 
t^ioat  about  90  per  cent,  of  it,  (An#  id  Ph.  t.) 

The  two  substaaces  peculiar  to  urine,  are  wea  umk 
urio  acid' 

£/rea  #ai^  idii»DT^?d  by  Bouelie  k  1773^  ami  i&  iMm 
afterward^'  exaraiaed  by  Fouroroy  and  VanqaeliiH  and 
also  by  Graickshanks.  Dr  Frout  has  more  lately  made 
it  the  subject  of  investigatiod,  and  pointed  out  several 
new  facts' concerning  it,  (Frout  on  Grardt  &<^*) 

The  method  recommended  by  Cruickiiianks  for  pro- 
curing it,  dohsists  in  evaporating  urine  to^about  a  fourth, 
and  adding  nitrous  acid,  by  wbidi  sluafaig  scales  are 
deposited.  The  process  of  the  Frtiboeh  Qhemista  is  how- 
aver  preferable,  because  it  afiPbrds  it  puiar.  The  Urine 
ia  evaporated  to  the  connetetice  of  honeys  aad  after  it  ia 
€iold,  four  times  its  weight  of  alcohol  Is  poured  tm  it^  mid 
a  slight  heat  applied,  by  wUoh  die  urea  ia  •  dissolved^ 
and  may  be  procured  by  filtration  and  evaporation  ni 
shining  scales.  These  ire  at  first  of  a  yelkywisfa  col^iur, 
but  by  repeated  solution  and  evaporation  fluty  be  ob^ 
tained  cokotless,  but  the  process  by  which  this  is  eL 
hcted  is  tedious*  That  fi^owed  by  Front,  eoDsisted 
to  evaporating  urine  to  the  consistelice  ol  syrupy  and 
adding  y  trie  add,  4)11  a  a*ystalliEed  mass  was  ibnned, 
which  was  washed  with  a  little  cold  water.  Sub*«arba« 
nata-of  soda  was  Aen  added,  te  saturate  the  add  ; '  abd 
tile  fhMi  after  the  crystaUieatiM  of  the  nitratci  and  filtra^ 
tion  through  animal  charcoal,  was  evapoimted  to  drjFnass^ 
Tlie  l^due^  whan  treated  with  akdhol,  gave  a  iokttioo^ 
which^  on  evaporation,  yidded  urea  pure. 

VmSLj  as  thuft  pfiM^ured)  hss  a  fetid  odour,  a  disag)MeL 
aiHU  ai^id^tastt,  and  is  ve^f  tough.  When  etpoeed'to' 
wiff  it  at>aad%  atiraoti  laaisture,  and  beeooies  flaid#  Cl 
dMi  ^x  MUil  v^uble  MkwM 

i^debatiipaeed  ky  the  apjdkiatiM  af  m  digbt  &aM^ 
Artil  a<^  tMlttgf^aier  i^iijllg  suAdaniy  by  liiMdi  oaf*v* 
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test  of  its  presence,  as  no  other  animal  ppnii^i^  Ja  de- 
composed at  8ft  law  a  temperature.        .  . 

When  subjected  to  a  stroiq^  heat  in  fiWse  vesaels,  the 
^Blml  products ,  are  given  off,  along  with  ao  wtnm^ 
fetid  oil>  aad  benzoic  acid.  It  is  also  easilj  jleeomposed 
iirhen  heated  with  peroxid  of  ccqpper,  by  which  its  cooipa- 
oent  parts  baye  been  ascertained.  Acpordingp  |o  Jhfmxl^ 
tlM^-are,  .-.-■....  -.•..-.».  mi    ■       'f 

.;    :    ,  oxigen,w  *.   26.66        J,  d#.j..,^^;i    ■  :.-  ■' 

^.bh  V  ^».U"  hj4fogeB^  .      6.66.,      t.  ,.dg.    .,.,.*:   .,--,» 

nitrogen,        46.66.       X     dqw  ,!:..  .^  ,  - 
-  .^d«ficien^,       p.08    .,      i   »         ..,^    ^j/ 
2  r»TlIfea>  iY wy  4plql4^  ^ft  ^ateir.  ,  Th!^,)Kaut^ t :  >«^BFf" 
ipgoAji^IWWun^,J>y  the  actjon  of  alc^qW  tq*Ve,ffl^u?P 
hJS9mP,J^p}p(f9m^^8^tev  by  dttifttioB^.^Ji^ 

4^>rWW»»fppntaneous  chaijge^.,  ^[t  figqii^r^m  j^^ 
•Fin»tf?i4ib|e  gpqw^^qq^pf.^cejtjic  acid^V^^ 
i^^j^fonft^giu,  is  disengaged.  ,By,splt9^;^g^rii^if 
}N9(M;jvith  sulphuric. acid,  after  this,  acetic  !^of^,}f^^^ 
P^ds  are,  gi,y€n  pft  a^d.; sulphate  of  fi^o^i^i^is  l^^p 
the  Vessel.  When  the  recently  prepi^:;^,^9gf|^<^^^ 
]JW^^b^^ec^il^^  iW^ecgoes  dcfjompo^pfli^  ^S^f^- 
%im^(9f  ^wpmopia  iafpJW^d^  a  ^it^  ^icj^o^jp^^tf^H  ^>»? 

^o^feWrfhlpfinp.gas  is  ^jsmd  t^mS^ J^  ff^tWff 
^%ffMr^«^  ^ii^e>  but  afterwardf  ^^faOTifig>^ 
%Pfi^;t  ,?%^  the  fluid  is.a^tura^;^9^rftpijp„j^ 
^«^P»f^  ««  erplyed,  aid  wto^te^ifflu^j^t}^,,^„<ifPl 
^i^ofjammoakare.fom^^  ^.^nx^sH^r 

The  acids  have  a  jpecuuar  action  on  urea.     >^toim- 

•nles  an)  <i^^ted.,t^^  Mine  ••  *»?  ilf^jc^m 
■ealat.  acc(ir^.{;o.Proit^  :«?|t«JSW^fl9fe»13M 


HiAlli'hutHheimix  hi  tot  iie«tnltts«i.  ^'Tiitf^iti^aM 
'ptapai^itm'bti  -''''"<  ' ■'■y-  ••>■-:  ■■"  '•    -'■^■■" 

acid,       ■  ■4T.87'-''"''  -I'tttom'  '■••  »^J'->r'.'V.. 

<!t«He6  tte  iteid  ift  added  to  tifefa  itttlf^  "aitrie  didd^  AHMt 
•g^^tiiittf  i^bonic  acid  areWolved,  and  A'WMdsb  tnittdr 
tdth'  k '  dork  Ted  colodted  Ut(Qid  'arfe  left,'  'ih&  ■  fttotaflftt'Hf 
Irtiifell,  Wit^heated,  deiagritto^ke !(iitral« bf'ibiifidSMl 

When  the  solution  of  urea  is  mixed  with  a  fourth  fttt 
of  sulphuric  -HA^  knd  sdtj Wted  to-.  ^iiiHfllation,  an  oily 
fluid  is  formed  alofag  wi(^'  #  yellow' eidlfaiiired  liquid,  in 
which  there  ii^  acetic  u^  Benzofe'idM*'  The  residue 
contains  sulpterte  of  amnfi^^         iiu)j.-.Uin 

Muriatic  acid  dissolves  S&^a  witlM^ 'liffStrescence. 
-'"'ICi^diftiid^bd  by 'i;>tas8i,''8iid^  ib&'tte  IRria»e<«A^8, 
lhit'9!th  ih6  distagagemetiiP'bf 'Uidi^dtffi^  oiAri^nfoSHt 
«eU^  decom|k>ied,  '^d'tK^  ibMiiid«i'>^ie^<1ino>i 
imr  tlaUiiit  cdMbina*tioili '  'i;n^il^ureA'^M'\»6M']BMia^ 
«tf6  k^^'the  teiii^ltur« 'Vibe^,->  lt"M^ 


lik^be'ap^fiM  tii^he  i«!iidWt,'^i(hiiiiodi&^  It&iTJtttt^lMiJatt 


Oif  fl^'df 'ili^^'er^^  of^iidttiiiiiJulHif  iMtft  Pi 

of  soda,  when  dissolved  in  ift' Wt^36hi^,<''t^4«itfl 

IffiH^'l^  %Sito(J^iH^Bi'  ikt^  df  i/ia>e3,"'iUll'  in^l^of 

mi&'l^l&^m^hiy^emrare,  thi  u^'mt'iftt^ 
in  the  uoie  way  as  whoi  i'heV  W  iSiahVM^i&'^h  iMb 

iWJlJljLV'       .fiOlli  /f      .')I;v.      •.     ■.•■■..•    ..    i/Jill     'l;rj/.  £;!(  r 

^flm'd4y6l^p<;«^i'a(itife  df  ii^^^  fy^tidiid'iia^  ^mt^ta/ 

'"^fh  WSb^  f^'al^hb!,  'g^eif  t&bi^Sdfii;''  Mfri&g' 

tffcW^fliWiifia^'thati  hkttm%i^'^^«  •^*'*- 

The  facility  with  which  urea  is  decomposed,  is  proba. 


tM  ANIMAL'  VBUIDS. 


My  tbir  oai%M  of  the  chavget  iitfan  i»  ftiif^ipdy  u|idb» 

goes  in  the  body,  giving  rise  to  th^  toroMiaaiM  mitn^ 
lous  substances,  (See  Cdl6id%4) 

Uric  add  was  discovered  by  Scheele,  during  his  inves- 
tigation into  the  nature  of  urinary  calouU.  It  vaa  afWf- 
wards  examined  by  Bergman  and  by  Korveaut  the  lalMT 
of  whom  called  it  hexoatrdks  oM^  a  naase  dMn^ed  by 
the  French  chemists  to  UOA^^  (ju^y  a  iUmg^"^  «a  liriag 
an  tngr^ient  of  oalculi.  It  has  move  lately  haen  tenped 
Drie,  by  which  it  is  now  generally  designated.  It  has 
been  Mamined  also  by  D?  Henry,  (Maacbeater  Me«u  iL 
N.  S.) '  and  by  Dr  Prout,  (on  CalcukMis  Diseaaea.) 

It  may  be  obtained  from  urine^  but  the  proeosa  reMiHH 
mended  by  Henry  is  by  far  the  beat.  It  cooalsts  as  dis- 
solving in  aqua  potassie  a  calculus  i^onsisting  of  it»  and 
tbrowing  it  down  by  muriatic  acid»  added  in  exeesa,  by 
^hidi  a  precipitate  falls,  and  which,  after  being  wadied 
'With  cold  water,  must  be  dried  by  a  heat  not  eaoaediag 
Ills,'  The  same  process  followed  with  the  uriile  af'  111? 
bba ^constrictor,  and  which,  it  has  been  already  sassiHaa 
^,  dokitains  upwards  of  00  per  eenl.  cf  it,  adU  oko  aSwd 
ft  jpiirt.  .  .       ^  • 

XSiHc  acid,  when  pure,  in  a  white  taateleas  pe^vdei^  "m* 

fobk,'  according  to  Henry,  m  17S0  of  cold,  mn^  la  UM 

of  boiling  water,  the  waiaa  soluiiony  on  oooling«  yWding 

milnttte  crystals.     Front,  howe^^ert  stales  tho  solubfli^ 

*  W  be  tat^i^  less }  aoaording  to  him,  it  nsquiMs  not.  leie 

;'ihta  10,000  of  waten    It  reddeaa  litmtis»  md  wh^aoMr 

-MT'tbf  alhsHinefluids^  deprives  ikusm  of  ilbmrfmimM 

sffltfclStig Teg6ta|de colours.  '^  ;j:  -jnu  .r<i7L«  £^i!. 

It  is  easily  decomposed  by  haat>  yidding  waAer  llnWitg 
c^fboiiate  of  ammonia  and  hydror^nnia  aeid^iia  soinKlDib 
along-' with  carburetted  hydrogen,  send  carbonioMldi 
but^  at  the  sano  time,  a  yallow  substasioa  it  ena4fHi<d  in 
crystalline  plates  on  the  oool  paj*  of  tine  li^WMla% 
1rhid^  aa  i(  ii  pospassed  of  add  |*y9^tie%  haa  bee»  ^ 
ed  fffpmtt^  mid.  \Mq  aoad  ia  oleo  donompoopA^iMM 
heated  with  paivoiid  of  topper,  by  wliiah  Iho  piopif^ 


/ 


^.,1  ilJJUKE^.iy/:'.  m^ 


tiiM  off  itfti9gndittito.h»veibeim«flfiirti^^ 

log  to  Prout^  ita  compoD^t  part9  ai98|    ^m.h(  >.I;  ;i   >,r.gr 

carbon,        -        84.^^8^  ^  «^»W»*ri(.v  ^d^*! 

oxigeB,        ^     ^9»JS67f  1    .49ra        >     ; 

kydrogen,      -       «,867,  1     cUv       .,.tr,r 

nitrogen,        ♦•V  4a  1     4a*  ,  .  .* 

Viewing  the  above  at  its  composition,  tb^  fG(r;i^tfqa  fff^ 

the  producta  of  the  destructive  distiUat^pn  ii  ^)9^j  fSfp 

pbinedy  nova  particularly  with  rc^pept  tp  t)^  l^dfO-fiilFi 

4ipic  acid;  for  it  will  be  perceived^  thfU  bj  the  renv:|i[f4 

of  the?  oaigen^  the  remaining  ingredient^  i^re  ixx  .progj^ 

tions  to  form  it,  the  carbon  and  nitr^ge^  oo^stitutiog 

oyanogen,  which,  with  the  hydrogen,  wiU  give  out  itiy^lro* 

^raMcacid.  ..,,  .,^,. 

ij'  Uric  acid  is  decomposed  by  the.atV9Qg^  a^id^tnr.^^ 

ai^tion  with  nitric  is  peculiar, .  and.  quU#  ^h4r#^|^.^^9« 

When  the  acid^  diluted  with  about  au  e%i:M4f  (mfflf^y 

of '  watery  is  poured  on  it,  a  solution  is  (f^jacfi^,,  ^M^ 

stains  the  skin  red,  aodwhidb,  wb?D  boiledtgivea/o^ 

carbonic  add  and  aitregw,  aad  a  Uttle  ,by4f|QHRy|^ 

acid,   leaving  minute  crystals  of  nitrate  of,  fk^ogntH^ 

When  it  is  used  concentrated,  the  powder  is  also  4iw>\T'* 

•d,  and' the  aolution,  on  CRraporation  to  ^O^u/^^  Ifr^^yfis  a 

'fedsfutifill  red  stain  on  the  glasa»  and  wluf^  mtm^hfiqpih 

;;#idcired  a  test  of  the  presence  0fwiQ.fiMcid^,  .  -  njiiocf  }o 

/nlif, 'instead  of  evaporating  the  aalutioii,:  ^ijiHXtgg^  jf^ 

«idd^    erystals    of   a    reddish    oolouf  >iire;',4WQ»)t^, 

•  yUdi^' '  acfeevdin^  «»  ProUt,  contaia  jt;b«  |dk^),ifif  w^iffl 

't<Witk^«p|>eoufiar  acid,  genavatod.by  the  defpimpfffitiyoriVf 

the  uric,  and  to  which  he  has  given  the  im*^  ^^J^¥f3fflf^ 

^""^UHe  Mid' combinea  with  the  aalifiubfe  b»|e6,  .iB4i!offff> 

bbmpoundai« called  urates,   which  maybe  prp9Mi$^)(kl 

adigestiiig  the  base  with  the  aeid,  takiQg  mt^  to  have  an 

•^«Xoess:  of  the  latter.     The  tuc^ks  are  .Mtri^M,  and  do 

iiiot  vndbrgo  any  ebange  by  exposure  to  Wi\  -.  Th^y^are 

'i^fwrlngb^  soluble,  the  urate,  of .  smmmiM^  ^ich  is  most 

vaailji  taiten  up,  requiring  abe^  ^00  of  water  to  dissolve 

it    They  are  decomposed  by  acids,  which  unite  with  the 
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htfifti  nod pfoAfiiaHe  ibm:uti^mAdjfmn^i:$mA3kmi^ib0t 

method  of  obtainiBg  it#  <•    •.    .  m-r  (>:i)  v'^i  xiraoio.  t 

Pffra-uTtc  Qfiidi^  TheyeUowerystalluiefttl^wa^IKra- 

cured  by  tbe  destructive  dUtjllatioii  of  urifv  >(imii  .ips 

'iniBtaken  by  Scheele^  who  first  noticed  it^.rfor  ampeisiift; 

but  Dr  ^enry  after wsrds  ioferredt   from.bi^,  9xpe|^ 

nentfl,  that*  it  was.  a  pfpuliar. acids .  fi^naendL  bjr  tb^  fjp- 

^  iDents  of  the  other  having  entered  into.  1l^<^ew«a^4b?;i9{ 

^mbinatioB^  but  in  uaion  with  amiiiopia»'.'i|l8qk{>rQ4uwi 

during  Ib^  .decompofidon ;  aa  opinion,  oqniiinpMA  ,1^ 

. Cbeyalier  and  l4Maignf^  (Aa^^of,  Pb*  xvi.>,.ii(lm,bi|ya 

succeeded   ij^.procaripg   it   la  iita  upc|w^ia#4^  ^9|Bw 

f  or  thMfpurpsis0,,ith^  sublimate,  Mi^r  b<?|og,^4w^7i94i^ 

■'  iWater,  la  Jtix^iifitb  ac^tal^e  of  lead,  by^.wltyj^,|lyjf|d 

/imdiPJid  rare;pm»ppi^te4  int,pQm]t^9l,icm,^.4uvJW  Wh^^S 

59lMb^4he>pve(%i»at^i  fthal9At^,<|i^  \^\W^o;^}iM^ 

,tminniasia»^i  aidphurettied..lvdrogei^  t^u 

holding  the  po«fder 4b  auspenaaoiK  Tb^flu^^jfce^f^ji^ 

tloBt  yields,  whep  evappi^a]^,  xQi^^ta  ,€;rya^^Mt^ 
»  PyrGhurioaoid:,i0  aoluble  iB,.4^d.wat^,  ^nd  i|;{)^ya 
solution  reddens. vegetable.blues.  \.  Iti^.^Iso^l^K^iy^^y 
warm:  alcohols  but  ia  deposited  when  the  ^uidif^^Tn  ^^ 
is  decomposed  by  hfiatf  rao4  ff^^  offi^i^  l«fu^Bn94H^ 
of  animal  matter.  It  ii  soluble  in  niprjc  af9i4>  #<i^fflf7 
be:  obtained,  by  evafK)ratiopy>  uprhnng^  W  il^pr^gi^^fies ; 
is  sufficient  proof  that  it>.ifi.  quitie  ^iSet^pX^ixf^^i^^ 
which,  when  its  solution  is  eyaporated,  leaves  a  red*  stain 
on  the  glas^'^^It  unites  with. the  alkalies  and  earths^  and 
forms  compounds  which  are*  4n. general  sduble ;  and  tbe 
solutions,  when  inixed  wftb  those  c^  OftsCaUii^  salts,  afford 
precipitates  of  different  colours,  aocotditi^  to  the  metal 
iE^bjrM.    Its  composition,  abeofding  ^  tto^bbek^ 

tttntfoned,  is,    *'  ■'•'■'^  '  t^wsis^ '" '-'^'^ ^^  '*^^ 

■'^'   "  tarboD,  ^     .96.96'       ^^'-'l«^iidikaJJ  j^«ibioo 

oxigefi,         44.8ii  •--  'i''^^14l^->^b  m  L^viot 

hydrogen,  -1(L_^  ,^  JtS    do. 

nitrog^n^      16.84  8    dq, 

99*41^  'ifljllt:  as  %>.  .pf 

Deficiency,       ,55 


eaiuoiisfiMiMA 

monia  to  the  nitric  acid  solution  df  litioi«6M/tofi<«Ma{ft- 
mtix^k  1b^  ^tkkAf  ^reft  ici^sCfiliP  O^tpQrpyrat^^-ftmikinia 
''^reft^nnedi  l?he8^'IMt«lB3t^  tty^te^diMbly^  ifi  kWiSik 
■tfmion  c^pet»jiia(t'fiaid^ftd  flutd,  rBhttshkit^  holibi&iiSli 
hAcsidoar  cliM^ai^  fieiii^d^MdriKiypte4^9ttl|htttc  ImK1» 

acMt^jHrdWiiititit^.  ^  Itf!«itilil|(^Mtt]ifldd'^fai^Ae)ft)it^tlf^a 

^  W^attl^dak)tiredp6irdi^,  deMitMe  ^f '«aMi^  atfd  MMll^attd 

{^ei|f  ^ilMtti^lyM^etoble  $i^  coId>4Mer?^tblii>K^iiliof|4l«rbig 

ii6^^<Mir  oA  V^tifty  bltf^J    leth^iMAiAH^  iditf4lk3lKfe. 

IMi;  eflHit^'tfttd' dilute  Ibcic^  HUt  Dll^MSItoKg  okiit>diiMli^e 

it^ritlKiS^tdMf^itfl^  <'It^W&^^hr49i9(V9ftH^ftA» 

^iittlii^yiAd^/'anW'%hidi^ird^  dif|rn6^««icdtoifi%)imd 

SMsifi^^  tl^fiai^^'il^'^di^  I^NltVtll»d9PfS»rU)8lJblrt9 

''4i  itt(M]^;  iijtltlt  detompM^'^heb^'f^filfdHitM^^ttt^ 

'Vt^i]f^>'kih^f6Mi»'|^Urpiii%t^l'J^^^^  I^crriiWiittfTiflt^Bii* 

^Aii^iai^'^ia^l^  obtidtiedib^  the ^Ji6hrt|(«ibSn<Mo4n 

^i6)tHi6^k^;'kird¥kttirtfctS%«6«>^^^tii»  dP^titiKMCbjNiia. 

^'idbtii£  '  'Tt  fs-thirf  '^hidh,^iafeti<yrfftig^^WPttM^        the 

x^i^eM(tf''th^'d)lbut>'of  th^^fe«^l»y]^'8«diibbt»f(}i;«i;i«.) 

f>£Ti;  ,>ani:    iwhoii^  iSTt^/ 1:  ji.n/^J^^WfBh^  9f{i  no 

been  descri^^^^  being  procured  from  lyicj^^^ 
cording  tcfefiBWgWteUi,  (P^  ^ag.  lii.)^^jifn  it  ii 
solved  in  diiijte^iitric  aci^jj^d  thej^Lij^n  cautiously 

*  There  can  be" no  ^oubt  that  rM^idd,  A^^^lF^giVen  hy  Scheele  to 
an  add  which  he  suppoted  to  eziat  frllClHtioai  ledimenty  it  merely  par- 
porate  of  an  alkali.  :^C6 
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evMpMMiliid,  and  let  aside  in  a  cold  room,  mhmta  €ryfllals 
are  deposited,  containing,  as  he  suppoiMB,  a  peeubar  add,' 
to  which  he  has  applied  the  name  of  fyyihnic,  (■g<l|rtw>i, 
#0  redden.)  Prout  does  not,  howerer,  aUow  the  existence 
of  this  acid.  He  asserts  that  the  crystals  iare  either  sik 
per-nitrate  and  super-purpurate  of  ammonia,  or  probably 
nitric  and  purpuric  acids  mixed.  Accordingly,  on  the 
addition  of  ammonia,  a  purple  solution  is  obtained,  (Ab» 
of  Ph.  xiv.)  Vauquelin,  and  more  lately  LassaigBe»  oa 
the  other  hand,  admit  so  far  the  accuracy  <rf  the  atote^ 
ment  of  Bnignatelli.  The  latter  has  found,  that  by  the 
action  of  nitric  on  uric  acid,  a  white  and  a  red*coloux«d 
substance  are  formed,  but  which  are  considered  to  be  ei» 
sentially  the  same,  the  latter  being  disguised  bj  the  pre* 
sence  of  colouring  matter ;  and  he  is  inclined  to  lUnk, 
therefore,  that  the  uric  acid,  used  by  Prout,  and  by 
which  he  obtained  purple  compounds,  waa  not  pur& 
When  uric  acid,  free  from  impurities,  is  treated  with 
nitric  acid,  as  recommended  by  BrugnatelU,  it  yidda  a 
white  matter,  to  which  Vauquelin  has  given  the  name  of 
oxigenated  uric  acid,  (An.  de  Ch.  et  de  Ph.  xxii«) 

Urinary  eedeuli.  There  is  no  fluid  in  the  body  moie 
pxone  than  urine  to  undergo  changes  from  diaeaae.  It 
is  supposed,  by  Berzelius,  that  the  office  of  the  kidneys 
is  to  acidify  some  of  the  substances  carried  ttk  them  by 
the  blood,  and  hence  the  origin  of  the  siilphurio^ '  phofr* 
'phoric,  and  uric  acids  in  urine ;  but  when  this  tendency 
proceeds  too  far,  other  changes  are  induced.  Th^*e  is 
T&e  fbrrt'atffon  of  nitric  and  oxalic  acids,  the  former  of 
winch,  dieting  on  the  uric,  may  convert  it  to  purptuie, 
^4  the  latter  uniting  with  th^  lime,  give  rise  to  the 
formation  of  oxalate  of  lime ;  and  hence  the  eattse'  of 
the  red  colour  of  the  lateritioys  sediment,  andthepro- 
^uctipn  of  calctili  composed  of  oxalalte  of' 'lime  and  of 
iMc'aiid,  the  latter  being  always  found  to  kcbdito^pany  a 
tendency  in  the  system  to  the  formation  of  acid,  ^itlie 
other  hand,  instead  of  the  proper  acidifying  poiw&t^  ^cre 
is  a  tendency  to  the  formation  of  alkali,  b^  whiek  ihft  ex« 
cess  of  acid  of  the  super-inilts  is  saturated,' 'ted^heM^  At 
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dtfomlAon  «f  the  phosphate  cf  lime,  and  pf  the  aounop- 
nJaccMiiagiiesian  phosphate, 

The  changes  which  the  urine  thus  undergoes,  gives 
rise  to  one  of  the  most  afflicting  maladies  to  which  we 
are  subject,  the  formation  of  skme  in  the  bladder. 

The  oaksuli  found  in  the  human  urinary  bladder,  are 
very  various  ii^  their  composition.  They  have  occupied 
the  attention  of  chemists  and  physicians  since  the  earliest 
times,  and  numerous  opinions  have  been  thrown  out  con« 
4&Qrning  their  nature,  idl  of  which,  however,  were  vague 
and  unsatisfactory,  till  Scheele  undertook  the  investiga- 
lion  of  them.  He  pdnted  out  that  they  consist  chiefly 
of  uric  acid,  which  was  soon  afterwards  confirmed  by 
Bagman.  Since  then  they  have  been  successively  exa^ 
mined  by  Pearson,  Fourcroy,  Vauquelin,  and  Brande ; 
but  by  far  the  best  accounts  of  them  yet  published,  are 
by  WoUaston  and  Marcet,  that  of  the  former  in  the  Phil. 
Trans,  for  1797,  the  latter  in  his  Treatise  on  Calculous 
Diseases.  Dr  Prout  (flnqpiry  into  the  Nature  of  Gravel) 
has  also  added  greatly  to  our  knowledge  of  them. 

These  difierent  chemists  have  shewn,  that  the  sub- 
stances existing  in  them  are  numerous,  but  by  PQ  means 
so  much  so  as  those  in  urine.  They  are  uric  acid,  phpl^ 
phate  of  lime,  phosphate  of  ipagnesia  and  ammopia^  oxa- 
l%t^  ^(  lifpe,  and  animal  matter,  which  acts  as  a  means  of 
keeping  the  others  together.  Besides  these,  however, 
Pthera  have  been  mentioned,  such  as  silica^  albumen,  and 
aarbopfite  of  liine«     Dr  Wpllaston  luu  also  described  a 

tfie^uti^r  sqt^ancei  which  he  has  caUed  pystM^..p:y44t  ^^ 
MaP9H  fiPPtl^r,  to  which  )^  ha^  given  the  nan^e  qjf  ,^;,fX|p 
thic  oxid,  (it9$^i9  yellow.)  WoUaston  hfts  (jUvided  th^ 
inta  6v^  ^sses.  •  , 

I.  Urici^cid  calculMS. 

$m-  fhoiiphate  of  liine,  ov  bone  earth  qalculust 
.9t  ]^qph^e  of  m^gp?si4  and  ammonia,  or  triple  ci^ 
culu#f 

4*  Oxalate  ^  Iweft  or  nnulb^rry  calpulas. 

^  Cytrtj^  /o^  f^iilus. 

The  fiwitfwtio^  <^  ^Qurcxoy  ajid  Vawqualw  imuch 
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«K>feviiiitiute^  i^onUiniiig  not '  «lgai^  <<han  Ithirftom  difinseot 
idnds^^Memj^de  Tlnitituti  Natio9aL)ii).(in  '     ?.i  iiorj>/. 
ii.>i6acK0fl  L/ Calculi  ixmifioBGdcrhieAyjQfiaiied^ 
•y    ' '  <  i  I  Species  1'.  •  CUculus  4if /uric  acidi ; :  n  j  v , ,  ^ ;        .   l  :< 

8.       I—.     oxalatp.ofatnmoiiU^  : 

a  nfivKvs'II;^  Oaleuli  eomposed  of  tffoingredieilts.  "J 
o.)f''f{t''Spicie^>li^  Calodlus  cf 'bri^jaciii  aiid'«aethy'j3uMi. 

tfii  /ivi,    i;   :   I      phates^  ia  distiiiGt  kiycra*        ;  -   li:.- i 

2.    of  uric  acid  and-euthy  fjlbot^ 

\o?A  ..jiwu;  -.1;^/  ;.]^hat^yintimat€dy'^x^^v.<  -.  .a  ^H.'i' 

iwoi.liKi.i      8.     u^u.^'   (tf  ur4td  of  amtiioiiia  tttd Ite 
. iu') :.-/>»-.!::•.  :y:'pin)gphates,  ifa^layera.''  -■' '••-^  '^^   '^'^'-j^' 

4w  ^.^^.j,, —    of  Qii^ateof  attiitf6iiia(  vM'lh^ 
i^NUv    i  V  r.      ..   "pHo^aCes;  imlmately*i»fat€di^'J**    * 
tail?:  ^  •    i.c  /g.  ^i.iii  .;  •     of  earthy ^b^hfat^  «{cli^ 
oil;  ;  V   r.    :   -r  J^WMtely  itthed,w  in'*tti^laj4w     ^ 
nv  :.H^  -:..    ifl;..  .t,,i^   rfw  ■  of  dxiditi^'-^irf^Htti^'itlid^Alc 
iiu  .  >•.'  :       ■•  -'•••=acKl',»inai8tinletUyefiii^"*'^''  '^^'  "i^^^^^- 

Jii>    ;-.  plmsj>hate^^ito»diiitifict'lk3^eft/ '^^  ''1'^ 

<^  '&ai^i>i  nii  CakuYi  cbtajaoski  bfiht^  kritS  IMTf  in^ 

ijjjjg(^:ju;   >•       ■    I  ■    .•  .>;.     i.v     ^' i. '^  -.^'••.     -^ron;    .i>nuo*^ 

nia,  earthy  phosphates,  aad  tSttiii^  *^^'^ 
^^41(6  dusfficatimi  6f  Wbm^toilV  ihoVi^^^|)^HUi')p^  rj&er 

featetitfWtneaitAlpottit^^of  fIfeWi-  .  .^^H)j<  dloon*^  a  rwari 
niUricaddcdfctdi  are'bf  a  trb^iictflcWii'WiiiUir'eaWfii 
df'recehtly  sawn  fir  wood:  Th^Wfe  iii"^riiHHtifci)«i^ 
bit  becarionaHy  rdUgfc.^' '  They^hiive  'W^fWr^tfkKPftiA? 
tift*d't^ttire,arett>tlnd,  ^ihetinJeft't^iki^reMa^^ySa!^ 
gated-;  tfae^.  gri  varies ««miad6«oi^6e,''n]^A^itf{^ 
i]few*^«5eds-150d/  Wheh  *eatdl/ •tBfe^%i¥fe^«fe?fl* 
tedti^'faf^teonlir^diid^of  buitmlg'^'&d^  9^ 
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«ridBritlisMAvtt^^eiD4r  iratfiAktBDjnpittifUiiportaii 
action  is  with  aitno^  ;  wkicb^  tiaftet  dissoUhig  r:tbGfll, 
gms^'wlisn'die  solution ii  eva|XNrated  tO'dryneas^^Jie^red 
stain  characteristic  of  uric  acid«  They  are.  acduble  in 
caustic  alkaline  solutions^  and  by  the  addition  of  an  acid, 
a  white  precipitate  appears. 

Besides  ;iiric  actd^  oalcuUoC  this  kind  often  conloan  a 
QMtiutQ  quftntily  af  phosphate  of  lime,  or:  of  anunoniaco* 
magnesian  phosphate,  wJbich,  howeTfir,  are  in  very  mu 
9^t(S  quantity.  .<     t.      ....       v 

The  red  sand  lox. graxkdf, y^pemed  aliUig  with  urine,  is  of 
(he 'Same  composition,  being  merely..the  uric  acid  thrown 
down  by  some  exeesa  of  jioid ,  geni^^ated  in  the  system, 
prob^y  pb^pbonc,.wlphiuric,.jQ£jutric^ 

Calculi;  soi9jetiwe«.ppcMr9  qan^pipfiedmf  urate  of  ammonia. 
Xhfsy  9i:9HKUsjti/)gi,ii8bedvfroin  theiormer,  by  being  lighter 
in  tb^/.coLoj^r,;  and. ,|a9pfe^.c<wpact  in  their  texture. 
^Pl^ir.cjiarapteiusti^.fei^ture,,  howeycr,  is^. giving  out  the 
odour  of  ammoniaf.  by  rtb^tafitiop  of  ^potassa.  They  are 
alfljq^H^evMLialkaUppt«luiiQnat£fi».JKbich  is  not  the  case 
with  tho§e.  cgns^sitiBg^aolely  ^ej^n^Wj^cid.  Though  cal* 
c^i^  c^nQipoiied  entiyqjly  ^f  wf^  of  ,^^ifio|iia  acei^^ely 
found,  those  consisting  of  uric  acid  have  frequei^^igi 
ffjyi^tnre  fgt^^rate^.axid  which,  i^^di  th^T  pf^erties. 
{I^hi^yiare  ea^ly  diatipgu^^b^di&pm  IjkxUi  of  the  preceding 
by  being  partially  soluble  in  carhj^n^te  of  potass,  with 
tb^.f^yUution^^^pf  anunonia,  «whi]leibejresi4u^  is  dissolved 
by  po^9aa.i    ,    . 

i^m^  Pho^phaU  qf,  UmHf^  or  iban^  eiaxih  caioalu^.  ^J^ea 
<^cttU j^/^  coippo^e^  entirely  of^  pbo^bate  of  liine^  tl^QF 
have  a  smooth  surface,  are  of  a  pal^  brown  colouf,  .^q4 
49fpn/^d  of  rM^^^  slightly  adhering.  When  ei^sedt  to 
tli|i^Jtdpirp^p^rT  they  at,  first i blacl^^  ,/i;9^,  t^  <j|erti:Mi;(ifp 
o<i^,^e^^ij^.flWitter,  but  sooi^  beqwpe  wh^te,.  ,ai^d  If  lAff 
h^lJsjnt^AS^  ,are.  fuwl.  Xbey  j^j^  solwfel^  ^^  ^^^^ 
iUtpiQ;a^d<iiiurj»ticacid«  /without  dc^m,^si|tiG^  f^H^fW 
t^  a4fJitiop[of;j|ii  alkali,  phosphate  ofuj^ae  4i9.>d^po#f% 
YiM^  tlj^jiaui^ift^l^tip^  i^  e^^ai^j^atje^j^^e^b^W^ 
^'y^KjflMtofWf  ^  tb^impy|^e9,pf  6Pi4m4!l^ii9l«biS^«r 


S84  ANIMAL  FLUIDS. 

ed.  Oxalate  of  ammofiiia  added  to  tke  Mdution^  after 
tmmting  any  excess  of  acid,  throws  down  tt  white  pmei^ 
Ipttete^  and  by  which  they  are  distinguished  £pmii  the 
other  species. 

Bone  earth  calculi  have  frequently  an  admixture  of 
uric  acid,  and  of  phosphate  of  magnesia  and  wnilMiti% 
eansing  their  appearance  to  Tary,  according  to  the  nudK 
aer  in  which  they  are  disposed.  When  they 
earthy  phosphates,  they  are  white,  but  when- with  tfa 
there  is  uric  acid  intimately  mixed  with  tbemy  they 
are  pale>  brown. '  These  ingredients  eoraethnes  oocor  in 
concentric  layers.  ' ' 

IIL  PhoiplaUd  of^  magnesia  and  ammoma^  at  brifb 
calculus.  CiJculi  ^ery  rarely  occur  iknqposed  eadMf  «f 
triple  phosphate.  It  in  general  sorrouiidA  tlioBe  of*  ori 
arid,  or  it  in  in  alternate  layers  with  phosphate  of  Ufena  tt 
is  known  by  its  fine  white  colour,  and  by  ita  softness  and 
ipathose  structure.  It  is  easily  cut  with  a  saw,  and  gives 
a  sparkling  powder.  When  placed  on  burning  coal^  it 
emits  an  ammoniacal  odour,  and  melts  if  the  heal  is  atmug; 
It  is  sparingly  soluble  in  boiling  water^  which  on  coolilig 
deposits  shining  crystals,  it  is  soluble  in  acdds,  entfi 
though  much  diluted.  It  is  decomposed  by  the  fixed  sX^ 
kalies,  and  which  afibrds  an  easy  mode  df  analysing  theift. 
A  few  drops  of  potaisa  solution,  poured  on  the  powdei^, 
and  slightly  heated,  giTes  off  ammonia ;  a  white  powder 
ia^left,  which  is  magnesia ;  and  that  the  solution  coataifli 
phosphoric  acid,  is  proved  by  the  addition  of  carbonale 
of  ammonia  and  sulphate  of  magnesia,  haying,  however, 
previously  saturated  the  excess  of  potaesa  by  snurialic 
aeid. 

When  a  calculus  consists  of  triple  pbosphaHe,  along 
with  urk  acid  mid  bone  earth,  it  mmy  be  entirdy  etisBolf  ed, 
by  putting  it  first  into  acetic  acid,  winch  tcdces  up  the 
aminoiiiaco-magnenan  salt,  tlien  into  weak  AuntHio  mM^ 
tt>  diseolve  ike  phoqphate  of  lime,  aod  lastly  intcf  potMMf 
t^  unite  with  the  uric  acid. 

AmmCttiaoD-^magnesian  calculi^  ^Qpequently  eooiiib 
phmphsite  df  lime^  kitidaately  mixed,  in  wllidi  caie  tbqr 
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att  m^viy  fused  by  the  blow-pipe  into  a  tranfipareiit 
globule^  This  forms  a  sub-species  of  the  phosphate  cal-* 
cull,  for  which)  from  its  easy  fuabilityi  WoUaston  has 
proposed  the  name  otJusibU  ccJculus. 

IVk  (kraiate  qf  lime^  or  ^ulbefrjf  cakulus»  This  is 
distingui^ed  from  the  others  by  its  colour  and  surface, 
being  externally  dark  brown,  internally  light  bvowm^  and 
composed  of  concentric  layers.  It  is^cry  rough  ia  ap^ 
pearance,  resembling  the  fruit  of  a  mulberry^  .and  Jt 
is  sawn  with  great  difficulty.  .  It  exceeds  other  calouKr 
in  specific  gravity^  being  from  1428  to  1976i.  *  It  is.:dft< 
composed  by  heat,  and  converted  to  carboDate  of  lune^ 
and  if  the  temperature  is  intense,  to  pure  lime,  ihe  catbo- 
nfc  acid  being  expelled ;  at  the  same  time,  the  odotur  «f 
burning  animal  matter  is  perceptible.  CJoncentnitfd 
nitric  ai^  muriatic  acid,  with  the  aid  of  Jieat,  dissoife 
it*  It  is  not  affected  by  alkalies,  but  their  carbonates 
decompose  it,  and  afford  the  easiest  mode  of  analysia. 
By  boiling  it  with  sub-carbonate  of  potass,  oxalate  of  po- 
tass is  formed  and  dissolved,  and  carbostate  of  Hue  de^ 
posited.  In  the  solution,  oxalic  add  is  detected  by  the 
addition  of  lime  water,  and  lime  may  be  found  in  the  pre>^ 
cipitate,  by  dissolving  it  in  muriatic  acid,  and  i^ter  sa** 
turating  the  excess  of  acid  by  ammonia,  adding  an  ox»> 
latey . 

Mulberry  calculus  occasionally  contains  uric  acid^  aad 
sometimes  phosphate  of  lime.  In  one  analysed  by 
Brande,  the  component  parts  were  oxalate  65,  uric  acid 
16,  phosphate  15,  animal  matter  4* 

Though  mulberry  calculi  occasion  the  most  painful 
s)rmptoms,  fortunately  they  are  by  no  means  so  frequent- 
ly found  as  the  others. 

V,  Calculi  of  carbonaie  of  lime  have  been  met  with 
tef^  rarely.  They  have  been  noticed  by  Proiit  and 
somet  others.  They  are  generally  white,  and  aasfijir 
broken.  ,  In  some  cases,  however,  they  had  the  i^yptar* 
ance  of  mulberry  calculi,  (Med.  Chir.  Tr.  xi.) 

Vlt  CyHic  oacid  caicuK.  This  peculiar  substanoe  wia 
discovered  by  WoUaston  in  1805,  and  described  by  him 
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in  the  Ph.  Tt«  1810.  It  has  mnce  been  obserred  by 
Henry,  and  also  by  Marcet,  (On  Urinary  Diseases.) 
Stromeyer  has  also  found  it  in  gravel  discharged  from 
the  human  body,  and  Lassaigne  in  a  calculus  ex- 
tracted from  the  bladder  of  a  dog.  They  are  of  a  pale 
yellowish  colour,  with  considerable  lustre,  and  a  cartain 
degree  of  transparency.  They  differ  from  the  preced- 
ing, in  not  being  composed  of  layers,  but  of  a  uniform 
compact  structure  throughout.  Before  a  blow-pipe,  they 
emit  a  very  offensive  smell.  Heated  in  close  vesselsi 
the  usual  products  are  disengaged,  leaving  a  carbona- 
ceous residue,  but  smaller  in  quantity  than  that  from 
uric  acid.  They  are  insoluble  in  water  and  in  alocJiol, 
and  in  citric,  tartaric,  and  acetic  acids,  but  easily  dis- 
'S(dved  by  the  mineral  ones,  by  the  alkalies,  and  lime 
water.  The  alkaline  carbonates,  except  that  of  ammo- 
nia, also  dissolve  them.  In  throwing  down  the  cystic 
oxid  from  any  of  its  solutions,  a  substance  must  of 
course  be  used,  which  does  not  dissolve  it.  Thus,  from 
its  solution  in  an  acid,  carbonate  of  ammonia  should  be 
used,  while,  when  dissolved  in  an  alkali,  a  vegetable  add, 
as  acetic,  ought  to  be  employed.  Cystic  oxid  may  be 
obtained  crystallized  by  the  evaporation  of  its  solution  in 
acid,  in  which  state  it  is  soluble  in  water. 

According  to  the  experiments  of  Lassaigne,  who  has 
(analysed  it  by  per-oxid  of  copper,  it  is  composed  of 

carbon,        S6.S 

oxigen,         17- 

hydrogen,    12.8 

nitrogen,  S4. 
VII.  Two  other  calculi  have  been  described  by  Dr 
Marcet.  One  was  of  a  reddish  colour,  soluble  in  alka- 
lies and  in  acids,  the  solution  in  nitric  acid  leaving  on 
Evaporation  a  bright  yeUow  stain  on  the  glass;  and 
hence  he  has  proposed  to  call  it  aranthic  oseid,  (|w^9 
yellow.) 

The  other  was  found  to  possess  the  properties  ot  fibrin^ 
imd  he  has  therefore  proposed,  that  should  others  of  a 
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i^fapilar  nature  be  hq;reafter  found,  it  should  be  called 
.^rinoue  coleuius. 

..  ,  Tbougb  uiioary  calculi  have  beea  arrai^ed  iolo  diffe- 
rent dassesi  yet  the  varieties  presented  must  be  nume- 
rous, since  a  change  of  diet,  and  other  circumstances,  alter 
,tbe  4eposit  from  urine.  Thus,  when  there  is  in  the  sys- 
j^eipb,a  ^tendency  to  the  formation  of  uric  acid^  the  calcu- 
lus if  con^posed  of  it ;  but  if  this.be  che^ed«  the  separar 
fJ9n  of  the  earthy  phosphates  ^commences,  and  the  con- 
flfetipip,  will  become  covered  with  them-  When  the  ten- 
^f  n^y  to  the  deposition  of  the  phosphates  ceases,  wric 
a/pid  may  be  deposited,  so  that  the  calculus  may  thus  con- 
m^toC,  layeifs  of  different  ingredients*  The  classification 
cifWoUaston,  it  is  evident  from  this,  cannot,  even  along 
with  those  added  by  Marcet,  include  all  the  varieties  of 
.^udculi.  It  has  been  proposed,  therefore,  to  add  one  or 
two  more,  such  as  those  containing  the  phosphates  and 
|U*ic  acid  in  aUemaie  layers^  and  those  having  the  diffe- 
rent ingredients  intimately  vUxed, 

Of  150  calculi  analysed  by  Brande,  (Ph.  Tr.  1808,) 

16  were  luric  acid, 

45  were  uric  acid,  with  a  small  quantity  of  phos- 
phates, 
66  phosphates,  with  a  little  uric  acid, 
*  '12  entirely  phosphates, 

6  uric  add  and  phosphates,  with  a  nucleus  at  oxa- 
late of  lime, 

6  chiefly  oxalate  of  lime. 

Of  187  analysed  by  Henry, 

71  were  chiefly  uric  add, 
512  earthy  phosphates, 
11  oxalate  of  lime,' 
<    39  uric  acid  and  phosphates  in  layers, 
16  oxalate  and  phoq)hates  in  layers, 
11  uric  add  and  oxalate, 

7  uric  addy  oxalate,  and  phosphate  in  layersy 

8  of  a  more  compound  nature, 
2  cystic  oxid. 

VOL.  II.  Y 
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300  afialyaed  by  Pearson,  almost  all  contain^  urib 
acid,  and  Fourcroy  and  Vauquelin  found  it  in  almost 
every  one  of  500  that  they  examined.  Silica  has  been 
discovered  in  only  2  calculi  examined  by  the  French 
chemists,  both  of  which  were  mulberry,  and  contained 
aiiiout  1  per  cent.  The  cystic  oxid  has  been  found  in 
about  7  instances,  and  in  one  or  two  cases,  the  gravel 
passed  along  wiib  the  lirine  was  found  to  consist  of  it. 

In  administering  remedies  in  the  treatment  of  urinary 
calquli,  the  first  step  is  to  ascertain  the  nature  of  the  con- 
cretion, which  must  be  done  by  a  chemical  investiga- 
tion  of  any  gravel  that  may  be  passed  along  with  the 
urine ;.  and  for  tbis  purpose  the  different  tests  already 
mentioned  must  be  applied ;  but  as  uric  acid  is  by  far  the 
most  common,  it  is  necessary  to  begin  to  look  for  it.  As, 
hq^^eyer^  tba  nature  of  the  deposit  from  urine  is  so  apt 
to  )Vary,  the  experiments  must  be  frequently  repeated, 
lest,  by  the  administration  of  remedies,  or  by  other  cir- 
9uihstances,  a  change  in  the  system  has  been  induced. 

it  wds  at  one  time  thought,  that  by  the  injection  of 
diiferent  splvents  into  the  bladder,  the  calculus  might,  by 
a  chemical  action,  be  entirely  or  partially  decomposed, 
but  tills  method  has  been  abandoned,  the  substances  re- 
quired for  their  solution  being  so  powerful  as  to  act  on 
the  coats  of  the  bladder  itself.  Great  relief  is,  however, 
now  obtained  by  the  use  of  remedies  taken  by  the  mouth, 
the  nature  of  which  depends  entirelybn  thatof  the  concre- 
tion. When  it  is  composed  of  uric  acid,  alkaline  and  earthy 
substances  mitigate  greatly  the  sufferings  of  the  patient ; 
and  hence  the  frequent  administration  of  lime  water  and 
of  aerated  alkaline  waters,  the  bases  in  which  neutraliz- 
ing the  excess  of  acid  in  the  system,  thus  prevent  the.de- 
position  of  uric  acid.  When,  however,  these  are  carried 
tpo  tfLTy  a  separation  of  the  earthy  phosphates  commences, 
lyscause  they  saturate  the  excess  of  phosphoric  acid ;  so 
th^t,  instead  of  alleviating,  they  increase  the  sufferings  of 
the  patipit,  by  favouring  the  enlargement  of  the  stone. 
That  a  deposition  of  phosphates  doep  take  place  when  al- 
kaline remedies  are  taken  to  too  great  an  extent,  is  render- 
ed  ja^^iye  by  the  fact,  that  in  cases  where  it  was  known 
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that  the  calculus  was  composed  of  uric  acid^  it  has  been 
found,  after  their  administration,  to  have  acquired  a  coat-< 
in^  of  phosphate.  When  this  occurs,  acid  remedies  are 
found  beneficial,  of  which  the  best  are  cream  of  tartar,  or 
some  of  the  vegetable  acids,  and  of  course  these  must  also 
be  given  with  caution,  because,  by  their  use  in  excess,  the 
of^iosite  tendency  may  agmn  be  brought  about.  Ai 
there  is  every  reason  to  believe  that  the  fortnation  of  oxa^ 
fie  acid  in  urine  is  owing  to '  an  add  tendency  in  the 
system,  alkaline  remedies  may  be  administered  in  these 
as  in  uric  acid  cases. 

Besides  the  changes  already  mentioned,  urine  imdergoes 
another  very  remarkable  one  in  those  labouring  under  the 
disease  called  diabetes  mellites.  It  is  increased  in  quan- 
tity, has  a  pale  colour,  and  a  sweet  taste.  It  is  found  to 
(5bntain  very  little  urea,  but  on  evaporation,  it  yields  a 
saccharine  matter,  possessing  all  the  prb'perties  of  sugar 
derived  from  the  vegetable  kingdom.  It  may  be  purified 
by  solution  and  crystallizatidn,  and  made  to  undergo  vi- 
nous fermentation ;  indeed  Prout  has  found  it  of  the  same 
composition  as  common  sugar.  With  respect  to  the  pro- 
cess by  which  this  change  is  accomplished,  physicians 
are  by  no  means  agreed,  but  it  is  generally  allowed  that 
it  is  owing  either  to  a  defective  secretion  of  urea,  or  to 
its  decomposition  after  it  is  secreted. 


ANIMAL  SOLIDS. 

Skiv. 

The  skin  or  external  covering  of  the  animal  body  is 
composed  of  three  substances,  the  ciUicle  or  epidermis^  the 
rete  mucosum^  and  the  cutis  vera.  The  cuticle  is  insoluble 
in  water ;  nitric  acid  destroys  its  texture,  and  stains  it  yel- 
low. Sulphuric  and  muriatic  acids  act  on  it  but  feebly. 
The  alkalies  and  lime  dissolve  it,  the  latter,  however^ 
slowly,  so  that  in  this  respect  it  resembles  coagulated 
albumen. 

Y  2 
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.  'Jfj^e  propcarties  of  the  rtie  muco^um  have  not  been,  as- 
certained. It  is  genially  aOowed  to  be  that  part ^  the 
skin  which  gives  colour  to  the  inhabitaiiits  of  ctiSerent 
nations.  Its  colour  in  Negroes  may  be  banished  by  chlo- 
rine, but  it  returns  in  the  course  of  k  few  days. 

The  ciULtis  or  true  skin^  is  a  dense  subst^ce^,  .^V^f^  ^y 
maceration  affords  albumen ;  when  long  boiled  in  water^ 
it  is  almost  entirely  dissolved,  and  the  solution  gelati- 
i^i^s  on  cooling,  or,  when  evaporated,  yields  glue.  Hfhese 
pjToperties  shew  that  it  is  composed  almost  entirely  of 
gelatin;  and  hence  its  use  in  the  preparation  of  gluj^ 

(p.  273.)  and  in  the  manufacture  of  leather^  (p.  269i>) 


Hair. 
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The  different  kinds  of  hair,  from  the  stiff  bristle  to  the 
soft  down,  are  nearly  all  of  the  same  composition.  When 
l)unied^  it  affords  iron,  tnanganese.  sulphate,  phosplvi^te^ 
and  carbonate  of  lime,  with  muriate  of  soda^  and  a  uttle 
Silica. 

..Vauquelin  found,  that  when  loept  ini  water  for  spnie 
time  In  Papin^s  dige^ter,  it  was  dissolved.  The  soldtidn 
cpntained  an  oily  fluid,  which  differed  in  colour  according 
tp.^hat  of  hair,  and  it  afforded  a  precipitate  with  tannin 
and  aceti^te  of  lead. 

wY^y  4jluted  solution  of  potassa  dissolves  bair  with 
the  evplution  of  ammonia. 

When  alcohol  is  kept  on  hair,  a  white  oily  fliiid  is  se- 
para^ted,  and  falls  to  the  bottom,  and  another,'  which  is 
yi&  col^yiring  ipatter,  is  held  in  solution,  and  inay  be  ob- 
taii^  by  .e)^aporati()n.  It  diners  in  its  appearance  ac- 
coromg  to  the  colour  of  the  hair  from  which  it'  is-^pro- 

^.j|^]{a,.^tlie^e  expend  is  inferred,  that  hair  is 

#(^|fti,)»  yrhi^^^^        insoluble  in  alcoh 
with  the  metaibc  and  saline  matten' 
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,f*eaiHers  are  nearly  of  the  same  composition.  According 
to  Hatpli^t,  tliejr  consist  chiefly  of  coagulated  albumeni 


,  I 


Muscux^Aa  FiBEx. 
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^  Muicular  Jtbre,  or  more  properly  speaking,  JlesHj  is  a 
very  heterogeneous  substance.  Besides  the' pure  niuscii* 
lar  jSJbrCi  it  contains  blood,  cellular  substance,  blood -veis- 
sels,  nerves,  and  fat,  from  which  it  is  almost  impossible 
to  free  it ;  so  that  the  following  remarks  apply  to  Itesfa^, 
and'Qot  to  the  muscular  fibre  in  a  state  of  purity.  '     '  '^ 

Wtlen  flesh  id  well  wash^  With  fc6ld  water,'  jpltft  '6f 
the  muscular  substance  is  dissolved,  and  the  blood  is  car- 
ried away,  leaving  a  fibrous  fmtter,  retaining  nearly  the 
original  form.  The  solution,  when  heated,  coagulates, 
and  when  evaporated  to  dryness,  and  treated  with  alco- 
hol, affords  a  substance!  having  a  radish  colour  and  a 
peculiar  odour.  '  ^^ 

When  flesh,  after  being  well  washed,  is  subjected ^16 
the  action  of  boiling  water,  a  liquid  oil  arises  to  the  si^^- 
face,  and  a  solution  is  obtained,  which  gelatinizes^  oh 
cooling.  The  jelly,  when  treated  with  alcohol,  also  yields 
Ui^  peculiar  substance  above  alluded  10. 

What  remains  after  the  flesh  has  been  subject^ "io 
these  various  processes,  has  a  fibrous  texture,  and  a  ^re^- 
isb  colour.  It  is  of  course  insoluble  in'cold  and  in  ^a^i:^ 
water,  and  when  dry,  becomes  brittle;  it  is  therefore  fibHn. 

When  flesh  is  incinerated,  it  Ieave3  charcoal,  with. the 
usual  salts. 

These  experiments  shew  that  flesh  is  composed  of  ali 
b^men,  gelatin,  fibrin,  and  saline  and  earthy  mattei*,  but 
along  with  them,  there  is  also  the  siibstSiric*  dissolve  b^ 
alcohol,  and  which  is  ojzmaxrom^. 

The  proportion  of  the  diflFerent  ingredients  in'  fl^^ffl 
vary  in  diflerent  animals,  and  even  in  the  safeilpdividhal 
ac^rding  to  his  age.  In  'an  analysis  peifermeA  b^Sfelr- 
zelius,  (Meiii.  d'A^ueil  i.)  three-fouf  thi  w6re^  f<mii4lto 
be  fluid. 

Flesh  forms  a  principal  part  of  our  food,  and  as  both 


it,  afiolution  is  obtAined,  which  isopagulatod  by^cv^ 

and  by  acida.  - 

The  acida  dissolve  it ;  nitric  ^d,  by  the  aid.  cf  .1^^/;^.^ 
causes  a  disengagement  of  carbonic  acadand.anunoniifp^. 
and  the  formation  x>f  oxalic-acid.  Sulphuric. acid, .jd^ff^ 
partially  dissolves  it;  the  solution  contains  phosphate  of « 
soda  and  ammonia,  free  phosplioric  acid>  and  su^phatjet^ 
of  ammonia  and  lime.  .    .-.  ^.' 

The  action  of  alcohol  is  important,  as  affording  a  meanji 
of  reserving  briun  into  its  co^iponent  parts*  Wb^n  bpil^^ 
ed  on  it  for  some  time,  a  substance  is  dissolved,  whi^h^ 
as  the  temperature  falls,  is  deposited  in  shining  scales,^ 
and  in  many  of  its  properties  resembles  apermapfti. 
When  the  alcohol  is  merely  digested  on  brain^  it  acquiiei^ 
a  yellowish  tinge,  owing  to  its  having  taken  up^  an  oily 
mattei?  which  it  deposits  on  cooling,  and  whicl^,  frf>m  the 
experiments  of  Vauquelin,  seems  to  contain  animal  matr 
ter  and  phosphorus  in  its  uncombined  state,  for,  when 
freed  from  acid  by  washing,  it  yields  phosphoric  acid  by 
combustion.  The  alcoholic  fluid,  from  which  this  is  de^ 
posited,  contains  ozmazome.  The  insoluble  matter,  left 
by  the  action  of  repeated  digestion  with  alcohol,  haa  |dl 
the  properties  of  coagulated  albumen*  .  ,1^  .  ,..^\  n,r 
From  the  above  enumeration  of  the  properM^s  of  %ai9f 
it  is  evident,  that  besides  the  saline  ingredients,  it  cofUain^ 
albumen,  fatty  matter^  and  osmazome.  According  to 
Vauquelin,  these  were  in  one  analysis^  . ,  ^i  < s*  nu\^r      . ,  « 

water,  -         -         -         80. 

fatty  matter,  *  fi.dS 

albumen,         -         -         -        7. 

ozmazome,  -  t-    ♦  H^^,  -;•»»  -  ^  \ 

phosphorus,  -  -   —  I06 

salts,         .        -  .  .&M«10a     . 

BoNB. 

.....  ., 

Bones  are  hard  splid  bodies  which  givemq^poft  to4h|e 
soft  parts.  Th^y  vary  in  shape  in  diff^ent  ffi,tttatioo^.aii4 
the  density  of  the  same  bone  also  difiSers  in  diflSnrent  fi$tis* 


whesk  kept  Ipgethar  Ipt  t»  xgfJF^iwg  tH»^nW  ,^W*?^a«f 
it  is  rendered  much  softer,  ai{d  ©a^J^4J«W^^.^.^t»l 

latin,  .'j.iri  ;.»  -.  it!.  ..^u,  lo  yTi'MTn  •  i^uufln  '^J^.v-aoo  ditcia 

V  iSf h^  ipKoportiooB.  pf .  ttp . ,  ?^^g^f pti  ^:  tips^ ,  Y«fF/Vc- 
<^rditg  to  tte,i^  of,  .tb^>di,Y>4OTl^H  Th^tifiWtA^ag^flW 
&rs^49imiefi>..Aml  <KiJtjkfefi|,<«%wuB  w%IMRJ#'Agia4v^ 
4epQ^tedy(6<b  AatiB;;  yowBgv/pw<#s>(l%e  f9?Wlii  ifjjBf 
iprfateaft  quwtily^,botTas.tbe»feidi|fl^l  fEk4:i(|[fftf^^^^^ 
the  earthy  substances  increase;  hence  the  reason  g^ 
ti», h<mefk .^T  dA  popple;  fifj^  »^o^^,^as»Jly. jfc^fitwg^f j  <l^ 
t)l9fl^.^fiifhildv^».    '/.r-,')!*!  v'ii..:ajj    tr     ,.f>4^   octfinuirr 

,;,T;b^jBai:tb  pf  jbppct  ibw  ia„jjoYr^^;fttfra$jfpgjf^fi^ 

k>uriiigimatter»..:p(u:|}pwJpr]iy,gwid^r,rp9t,i,ribfSfe^  Fkfft 
tb^s  is:iwi:?drwiJh  |cH)d,  ,*b«  hwji^  tf^W^ves^  jW^^ljL 

Xhe.bppw,  of  .|li|fer<eftti,yainiinij[s^.  ficcoi^i^  toiPwW?! 
cJTPjr  aiwJ  YauqueWn,  (^,«,ide,;Cb.  U^^v^y  frop^i  ^b^ 
of  mw,  in  contaiiwng  ^  l^ege.prpppnWp..^  nyign^ftrfT#. 
statement  confirmed  by  the  experiments  of  Berze^i|f^ ;  j;^ , 

Human  ieeth  are  nearly  of  ^  tbe,  sa^^e  qpfnpo^i^io^ifivgth 
bope.  Hence,  wb^n.put  iptp,  dijwted  affl4»^>tb^..fi«>*by^ 
mtM^  h  dissolved,  >»ud,  tbc;  fr^%il^,k:M^  nli^h». 
ewmel^dpes  not,  hQmey^t,sfi»n^jM..i^nim^,imyi^i^^ 
Ull»r,   apd  i*  tbca-efioTe  ,?nti|-jJly  s^]}]^Jn,^wffi^^,j  j^gfc 

ftat  of  px.^eetb  coptainaj^  .Xh^M^\^&ik  ibflifPHH 
position  of  bones  and  teeth  given  by  Berzelius.  ^^j^h 

or  Human  doom.  ^  ox 

teeth.       ^<Xd(lr>niv    jU(i  Il.miAl;" 

—  4"  '^ia*.^;!  •°'*'-{8.66 
;  ■•yf'^ilxi  Jo  jji.iiijioiiq 

8.3       jaii|.90  t>-»;  aft4.0 
85.3  65.45  .  ,:  81.0 

8.0  3.85   i.  So  7.10 

1.5  I;  *Ofi  -    :..JS.0 

1  ^    ^  j»^"^^i 


'      P*T^ '1     ijj( 
bonei. 

cartilage, 
blood  vessels, 

82.17 

1.13 

fluate  of  lime, 

2.0 

phosph.  of  lime, 
carb.  of  lime. 

61.04 
11.80 

phosph.  magnesia,   1.16 

soda^mur.sodk^  \ -i  aa  v-^ 
water,  &c«;^       j     iTi       ,, 

2.fr    '     ^*.4fr''^    1.84 

i*  Js^^lO    Jf!  J/^li  ^3K'J   fJvij^^t'J  ^ilj  Ujk)     II    iff 

100.  100  100.  100. 
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The  hard  outer  covering  of  shell  fish  differs  in  its  com- 
position from  bone.  It  contains  a  large  quantity  of  carbo- 
nate of  lime,  with  a  little  phosphate  and  animal  matter. 
Egg  shells  are  nearly  of  the  same  composition. 

Horn  is  almost  entirely  composed  of  gelatin  and  coa- 
gulated albumen,  the  earthy  matter  not  amounting  to  1 
per  cent. ;  hence  it  is  used  for  yielding  glue. 

Bones  and  other  animal  solids,  when  subjected  to  de- 
"  structive  distillation,  yield  a  large  quantity  of  carbonate 
'  of  ammonia,  and  hence  they  are  employed  for  affording 
that  used  in  some  places  in  the  preparation  of  sal  ammo- 
niac, (p.  438.  vol.  I.)  When  the  bone  is  not  so  strongly 
heated,  the  whole  of  the  animal  matter  is  not  destroyed, 
the  earthy  substance  is  left  mixed  with  charcoal,  anid 
hence  the  mode  of  making  ivory  blacking,  whicU  is 
ao  much  used  for  4ecolorising  fluids,  as  in  the  prepara- 
tion of  vegetable  acids  and  alkalies ;  but  before  uting 
it,  it  is  necessary  to  wash  it  well  with  weak  muriatic  a^d 
to  remove  the  saline  ingredients. 


SECTION  IV. 


COLOURING  MATTER. 


\EHE  colouring  matter  of  the  vegetable  and  animal  king- 
doms is  sometimes  obtained  in  an  insulated  state,  but  it 
is  in  general  attached  to  some  particular  principle,  as 
jgum,  fecula,  or  resin,  and  hence  the  necessity  of  employ- 
ing different  re-agents,  to  get  it  in  solution,  according 
to  the  nature  of  the  substance  with  which  it  is  united. 

Indigo. 

Perhaps  the  most  important  of  colouring  substances, 
not  only  from  its  richness,  but  also  from  its  durability,  is 
indigo,  obtained  from  difiPerent  species  of  indigofera^  cul- 
tivated in  the  East  and  West  Indies,  and  in  America.  To 
procure  it  from  these,  they  are  put  into  troughs  with 
water,  and  kept  at  the  temperature  of  about  80,  by  which 
they  undergo  a  sort  of  fermentation,  the  fluid  becoming 
muddy,  acquiring  a  green  colour,  and  emitting  a  gaseous 
fluid.  After  this  has  gone  on  a  sufficient  time,  the  water 
is  drawn  ofl*  into  another  vessel,  and  kept  constantly  agi- 
tated, during  which  a  considerable  quantity  of  the  colour- 
ing matter  is  deposited.  Lime  is  next  added,  with  the 
view  of  favouring  the  deposition,  and  putting  a  stop  to 
the  putrefaction,  and  after  the  whole  of  the  colour  has 
subsided,  the  supernatant  water  is  let  off'',  and  the  residue 
dried  by  exposure  to  air,  but  excluded  from  sunshine. 

Indigo  is  obtained  from  other  sources,  as  from  the 
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isaiis  timcUma  at  woody  and  tbe  nerinm  iirwkhium^  thti 
former  cultivated  in  Britain^  the  latter  in  India.        -  •  - ." 
Indigo  is  a  soft  friable  substance,  destitute  of  taste 
and    smell,    having  a  rich   blue  colour^    but   ▼arying 
occasionally,  owing  chiefly  to  foreign  admixture,  derived 
partly  from  the  plants  from  which  it  is  procured,  .partly* 
from  the  substances  employed  in  its  preparation.     Aci 
cording  to  Bergman,  100  of  indigo  consisted  of  ; .     i     <  m^ 

pure  indigo,  47" 

gum,  ^  la 

resin,         -         -        6 

earthy  matter,  29 

oxidofiron,       -        18 1 
The  earths,  he  found,  consisted  of 

baryta,  10.3        lime,  10         8ilica9.1.8  ? 

and  according  to  Proust,  magnesia  also  exists  in  iL 

The  heterogeneous  nature  of  indigo  is  proved  also  by 
the  action  of  heat,  the  products  differing  from  those  of 
other  vegetable  matter,  the  residue  of  the  ancineratioD 
yielding  a  large  proportion  of  earths,  and  of  oxidof  iroit 
By  the  cautious  application  of  heat,  however,  part  of  the 
pure  indigo  mby  be  volatilized,  as  was  first  noticed  by 
Chevreuil,  and  afterwards  by  Mr  Crum,  the  latter  of 
whom  bos  detailed  the  methods  of  conducting  the  pro- 
cess,  (An.  of  Ph.  xv.)  For  this  purpose,  the  indUgo  is 
put  into  a  small  capsule  of  platinum,  over  which  anotfaflf 
similar  is  placed,  and  the  heat  of  a  spirit  lamp  applied^ 
as  long  as  a  hissing  noise  continues  to  be  emitted^  Oa 
the  upper  part  of  the  apparatus,  when  cool,  needle  feriK 
ed  crystals  of  a. brilliant  copper  colour  are  found. 

Sublimed  indigo,  when  heated  to  about  550^  passes  cff 
in  vapour  of  a  vaolet,  or  rather  reddish  ooloinr,  and  widi* 
out  leaving  any  residue;  but  if  the  temperature  be  allow* 
ed  to  go  beyond  that,  there  is  a  decomposition. 
Its  component  parts,  according  to  Crum,  are 

carbon,  73.22  16  atoms 

oxigen,     -  12.60  -    2    dOi.    » 

hydrogen,  2.92  4     do. 

nitrogen,  11.26  1     do. 
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It  is  insoluUe  in  i^ater,  but  watm  oil  of  turpentine  dis- 
solves it,  giving  a  violet  coloured  tt)latiQUy  £com  whidi 
it) isi  deposited  when  the  tmnperatore  falls. 

XjOomraon  indigo  is  also,  by  the  action  of  water,'  resolved 
84  far  into  its  component  parts.  When  digested  in  it, 
tl|e 'fluid  acquires  a  yellow  colour,  and  on  the  application 
of  beat,  ammonia  is  evolved,  and  a  greenish  substance  is 
precipitated,  but  which  soon  becomes  blue  by  exposure 
to  air.  From  the  supernatant  fluid  greenish  flocculi 
are  afterwards  deposited,  and  alcohol  throws  down  a 
brownish  matter  having  a  bitter  taster  According  to 
Chcvreuil,  who  first  noticed  these  dianges,  (Journ.  de 
Phys.  Ixvi.)  the  precipitate  becoming  Uue  by  exposure 
to  air,  is  pure  indigo. 

The  acids  present  important  phenomena  with  indigo. 
Nitric  acid  concentrated,  acts  very  powerfully  with  it ; 
but  when  diluted,  the  action  goes  on  more,  dowly,  the 
iiidigo  gradually  disappearing,  and  nitric  oxid  being 
evolved.  The  solution  contains  a  peculiar  substance,  to 
which  the  name  of  *bUter  principle  h^  been  given.  The 
pvocess  recommended  by  Liebeg,  (An.  de  Ch.  xxxv.)  for 
pBocuring  it,  consists  in  boiling  ten  parts  of  diluted  acid 
cm  one  of  indigo,  as  long  as  red  fumes  are  given  off,  add- 
iog^acid  to  compensate  for  loss,  and  removing  any  scum 
tlut  may  rise  to  the  siu*face.  When  the  liquid  h|is  be- 
come cold,  yellowish  crystals  are  depoe^Ued,  which,  after 
b^g  washed  with  cold  water,  are  disspLved*  in  it  by 
heat ;  and  on  the  addition  of  potassa  to  the  s^lption  apd 
filtration,  crystals  are  again  form^  on .  cooling.  These 
are  compounds  of  the  alkali  and  bitter  principle,  and 
nliiy  be  decomposed  by  adding  an  acid  to  tbeir,  ^'Mtion 
in  boiling  water,  by  which  the  latter  is  deposited  in  bnl- 
liant  yellow  plates,  generally  of  a  triangiUaiT  forfp.,   ,     . 

The  bitter  principle  thus  prepared,  is,  by  the  appli- 
cation of  heat,  first  fused,  and  then  vplatilizftdf  without 
undergoing  decomposition.  When  heated  suddenly  in 
air,  it  is  kindled,  and  burns  with  a  yellow  flmne.  It  is 
sparingly  soluble  in  cold,  but  easily  dissolved  by  boiling 
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poaure  to  air,  and  gradually  deposits  indigo  of  its  origin 
nal  colquT' .,-,,.  i , . 

The  cbange  effected  on  indigo  by  the  substances  em- 
ployed^ .^ems  V?,bf$  the  0btti;aq^i(^n,of  .o^iges,  w^icbibas 
been  rentoved^  in  the  onecas^  by,theji;rfltoxid.ptJP^,li- 
berated  frc^si  the  gr^cp  vifnol.,bj;tl^^  ^ijl^e ;  in./l;}^  o^^i 
by  tlj^  hydrp-suloburet  formed,  J^y , the  ^(^^oa  ^01^,(4- 
kali  on  the,&rsem<;&l  conipouf|df  ^^)t9,t,  th^  |^  t^^;fflf^ 
appears  tq  l)e.pi:oved  by. (he  exp^rimfn^B  of^^p^^qp^  ]^W 
foupd,  tli«.t  by  exposure  of ,  the^spj^u^vi)  tf)|^r,^|o:^^g^ 
amounting  to  about  1-8ib  uf  ths^pigl^t  fii^,j^^^,j^n^{pk 
was  ab^r^iietl.  Cloth,  sUo,  Y,h|efJ  dye(;t'jfl,|ljip^jgp,li[- 
^uo^,,i8  gppcn,  but  gradually  b?€pm^^  1)1^  w^eij4ftn«.,iff 
air,  the  oxigen  of  which  is  abstraclied.,  I/|  jOij^^thp ,9p|f\f 
trary,  indigo  be  mixed  with  per-«ulp^at^.o^,,irqaL  ,vkI 
lime,  ft  js  not  dissolved.  /| 

Another  method  of  getting  indigo  ii}  eoIq^^  f/f  tp 
mix  it  with  briu|),  o^  jother  vegetable  «ubptfii(c^,^^ 
allow  it  to  ferment ;  but  (his.  iqefjjod^  is  nof  m.yc^^I^ltfr 

tised.  .  . "    '  ,  |, .   ,  ,„..^,.„,  [ 

According  to  iJeJtteg,  indigo  contaw  a  P^^*^^.V^ip*> 
ciple,  to  which  he-has  given  ^be  nane  of  i^ui^fqgwr^.,,  j,t^ 
may  be  procured  by  digesting  it  witli  gl'eep  yitritfL  .fofi^ 
lime,  in  vessels  cootaining  hydrogoi,  so  as  tf^  lezf lit^ 
the  air,  by  which  a  yellowish^^oloured  fluid  is  i^c^^medt 
and  which,  when  drawn  o^  from  .the  impurities,  k^epi^g 
it  all  the  time  from  contact  of  air,  dc^poait^a  white  preci- 
pitate on  the  addition ,o£ muriatic  api^.    ,,.,      ,. ^^ 

Indigoffeue,  though  whit^  as  thi^s  prac<ff^*  >4v^^' 
with  great  difliculty  ^n  this  state,  unlcf»  it  is  _c|,ui^,dt7,. 
If  the  least  moisture  be  present,  it  absorbs  ^oxigen  rapi^-, 
ly  from  the  air,  and  becomes  ^lue.,  Wfa^^  put  jiOfi 
water  in  open  ve^ls,  it  i^  gta^ua|lj!  ,coify^ted^j^f^,lil)i()i, 
so  that  jn  both  instances  ipdigo  is  re-p^Y>ducp],jj[^n.,,de) 
Cb.  xxzv.)  _.   ._  ,    ,  .,^,  '.     ,,  ,'.„,V  ,'  ,.'|  ,,,',,'  .,'. 

These  experimeif  ts,  qf  Liebeg  8t4}'jEiM'tb^  a^&nn^tt, 
opinion,  that  the  changes  effected  on  iqdigo  ill  thc;pn^ 
cess  of  dyeing,  are  the  abstraction  of  part,  or  ^b«  whok 
of  its  oxigen,  but  which  it  regains  on  exposure  to  air. 


Logwood,  (HiBMAToxYLON  Campechianum.) 


If* 


'  "Logwood,  when  boiled  ia  water,  affords  a  'solution' of  a 
'Airk  brown  colour,  but  is  altered  bj  the  addition  of 
dflieir  bodies.  A  few  drops  of  acid  diange  it  to  yellow. 
'Hie  alkalies,  on  the  contrary,  make  it  purplish.  On  the 
addition  of  a  solution  of  ^lim,  the  colouring  matter  com^ 
idttes  with  the  earth  of  the  latter,  so  that,  if  any  sub- 
ffUnce  be  added  by  which  the  earth  is  precipitated,  it 
tiketi  the  other  along  with  it.  That  this  is  the  case,  is 
tAeWib  by  throwing  a  solution  of  alum  into  the  infusion, 
and  then  putting  in  some  potashes ;  the  earth  and  co- 
louring matter  are  deposited,  leaving  the  fluid  colourless. 
"^  Some  of  the  metallic  salts  act  powerfully  on  logwood. 
Thus,  green  vitriol  changes  it  to  black,  and  a  solution  of 
tih  in  muriatic  acid  makes  it  bright  red ;  hence  the  use 
of  logwood  in  the  preparation  of  black  and  red  ink,  as 
already  described,  (p.  901.  38.) 

Logwood  contains  a  peculiar  principle,  discovered  by 
Ch^vreuil,  (An.  de  Ch.  Ixxxl.)  to  which  he  has  given  the 
name  of  hcematin.  It  is  obtained  by  digesting  the  wood 
m  water  at  130,  filtering  and  evaporating  to  dryness. 
Trie  residue  is  then  dissolved  in  alcohol,  and  the  solution 
evaporated  a  little,  after  which  it  is  mixed  with  water, 
wMSi  again  concentrated  by  evaporation .  When  the  liquid 
odbls,  minute  crystals  are  deposited. 

Haematin,  thus  procured,  i^  of  a  reddish  colour,  hav- 
ih^  an  astringent  bitter  taste.  It  is  soluble  in  warm 
w&t^'r,  forming  an  orange  red  solution,  which  becomes 
yilldV  iis  It  cools,  but  the  original  colour  is  restored  by 
aj^iiti  'd)!^lying  heat  Acids  added  to  the  solution  at 
flHst "change  it  to  yellow,  but  gradually  make  it  red.  Al- 
kiffieb^nkke  it  assuibe  a  purple  tinge ;  but  if  used  to  ex* 
cess,  they  first  change  it  to  violet,  then  brown,  and  lastly 
y^oiir;  aii  effect  produced  also  by  the  soluble  earths. 
MetiJTic  salts  alter  its  appearance,  those  of  iron  striking 
a  de^^  bliie,  and  of  tin  a  rich  red  colour. 
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Logwood,  (HiBMATOxYLON  Campechianum.) 


Logwood,  when  boiled  ia  water,  affords  a  soludoii  of  a 
&r1t  brown  colour,  but  is  altered  bj  the  addition  of 
6tb^  bodies.  A  few  drops  of  acid  diange  it  to  yellow. 
'Hie  idkalies,  on  the  contrary,  make  it  purplish.  On  the 
addition  of  a  solution  of  alum,  the  colouring  matter  com- 
Vines  with  th^  earth  of  the  latter,  so  that,  if  any  sub- 
stiince  be  added  by  which  the  earth  is  precipitated,  it 
tdces  the  other  along  with  it  That  this  is  the  case,  is 
snewn  by  throwing  a  solutioii  of  alum  into  the  infusion, 
and  then  putting  in  some  potashes ;  the  earth  and  co- 
louring matter  are  deposited,  leaving  the  fluid  colourless. 

'Some  of  the  metallic  salts  act  powerfully  on  logwood. 
Thus,  green  vitriol  changes  it  to  black,  and  a  solution  of 
tin  in  muriatic  acid  makes  it  bright  red  ;  hence  the  use 
of  logwood  in  the  preparation  of  black  and  red  ink,  as 
already  described,  (p.  SOI.  88.) 

Logwood  contains  a  peculiar  principle,  discovered  by 
Chevreuil,  (An.  de  Ch.  Ixxxl.)  to  which  he  has  given  the 
n^rae  of  hctmatin.  It  is  obtained  by  digesting  the  wood 
in  water  at  130,  filtering  and  evaporating  to  dryness. 
The  residue  is  then  dissolved  in  alcohol,  and  the  solution 
evaporated  a  little,  after  which  it  is  mixed  with  water, 
and  again  concentrated  by  evaporation.  When  the  liquid 
co6ls,  minute  crystals  are  deposited. 

Haematin,  thus  procured,  is  of  a  reddish  colour,  hav- 
ing an  astringent  bitter  taste.  It  is  soluble  in  warm 
wbter,  forming  an  orange  red  solution,  which  becomes 
yellow  as  it  cools,  but  the  original  colour  is  restored  by 
again  applying  beat.  Acids  added  to  the  solution  at 
first  change  it  to  yellow,  but  gradually  make  it  red.  AI- 
kUie^  Ynake  it  assume  a  purple  tibge ;  but  if  used  to  ex- 
cess, they  first  change  it  to  violet,  then  brown,  and  lastly 
yellow ;  an  effect' produced  also  by  the  soluble  earths. 
Metallic  salts  alter  its  appearance,  those  of  iron  striking 
a  deep  blue,  and  of  tin  a  rich  red  colour. 
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Saffron,  the  dried  jnstUa  of  the 
posed  alfo  to  ^ntain  a  peculiar  [ 
ton  J.R  Grange,  utdvogeTt  havec 
the  different  colours  whicli  it  anoi 
It  ia  obtained  By  evi^r^ing  the 
ness,  dissolving  the  residue  in  alci 

^''*^".   J     ,  ,        ■ 

Pojlycliroite  is  of  a  jellowiah  cp! 

It  is  Boluula  in  water  and  in  alcol 

its  colour  bjr  exposute  to  air,  an*^ 

means'  he  recalled.     Jt  is  also  dest 

.  ^{itnC|  acid],  added  to  the  soluttt 

and  sulphuric  acid  to  blue.     Sonu 

throw  down  precipitates ;  sulpidstt 

affbrds  one  of  a  dark  brown,  and  i 

of  a  ted  colour.  '        ' 

!.,,,;,..j;  ,  ^,,.,Ai^oVtJ^  o»,Aj^ 

Arnottt^'or  uinotta,  is'iuiother'< 
used  in  dyeing.  It '  ia  pr^utftiil  t 
Bif^a  Orelana,  a  native  of  the  WesI 
poB^,  .afier  the  buslts  ate  removi 
trouffha  witb  water,  and  beat  till  t1 
ing  matter  is  taken  from  them.  T 
ed,,tr|c  scum,  as  it  collects  on  the  s 
after  whitb  it  is  boiled  down  to  t 
anddried. 

The 'solution  of  annbtta  is  yellc 
cdouriiiff  matters,  is  changed  by 
Thus,  tine  alkalies  make  it  much  ( 
solution,  acids  throw  down  an  or; 
tate. 

tt  is  employed  principally  in  d 
orange ;  for  which  purpose,  it  is  i 
alkalij  as  potashes,   to  render  it  ti 
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It  is  also  used  for  colouring  cheese,  being  dissolved  in 
the  milk  before  it  is  curdled. 


Litmus,  ok  Aachii*l. 

Litmus  is  a  substance  prepared  from  different  kinds  of 
I,  but  prindpallj  from  the  X.  roceOa.  For  this 
the  plants,  after  being  driedt  And  reduced  to  powder,  are 
mixed  with  lime  and  urine,  and  allowed  to  ferment,  by 
which  a  reddish  substance  is  formed,  that  soon  changes 
to  blue.  It  is  then  again  mixed  with  lime,  and  dried  by 
exposure  to  air.  Instead  of  drying  it,  it  is  often  kept 
fluid  till  required. 

The  solution  of  archill  is  purplish^  being  changed  to 
red  by  acids,  and  to  blue  by  alkalies;  and  hence  its 
▼alue  as  a  test.  It  is  used  chiefly  in  dyemg  silks  and 
ribbons,  but  the  colour  is  not  permanent* 

Madder. 

Madder  is  another  substance  employed  abundantly  as 
a  dye.  It  is  the  root  of  the  rubia  iinctoriunij  cultivated 
chiefly  in  Holland,  and  imported  to  this  country  in  pow- 
deiv  When  dissolved  in  water,  it  gives  a  solution  of  an 
orange  red  colour,  which  becomes  brighter  by  the  addi^ 
tion  of  potashes,  but  is  changed  to  yellow  by  acids. 
When  mixed  with  alum  and  potass,  the  whole  of  the 
odouring  matter  is  thrown  down ;  and  hence  one  method 
of  preparing  lake.  For  this  purpose,  two  ounces  of  mad* 
dor  are  treated  with  successive  portions  of  water,  till  the 
whole  of  the  soluble  matter  is  extracted ;  and  having 
boiled  the  fluid,  a  solution  of  an  ounce  of  alum  is  thrown 
in,  and  immediately  afterwards  an  ounce  and  a  half  of  a 
saturated  solution  of  carbonate  of  potass.  The  powder 
precipitated,  after  being  well  washed,  is  dried  by  the. 
cautious  application  of  heat. 

Metallic  solutions  also  change  the  appearance  of  mad- 
der ;  green  vitriol  makes  it  a  clear  brown,  and  sugar  of 
lead  brownisli  red. 

z9 
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drawn  off,  and  mixe4  i^i^i  t^  iihite  of  two  eggs,  and 

again  boiled.     A  coagulum  is  fonned,  which,  when  the 

^i^tJWvf^e^i^eSj^  JPO^  &?!?*!»  rfj^  I>oWopv,p3PJhi/?,5^ear 

f  ^id, M  P9uw4  fofff  the,  or^^ue  thrown  ^  » iJfikcr,  jif f]l 

(ci^ni^.has  f^een.prqpiu;^  ,<^g^  rajfti  i;|te 

dear  fluid  is  then  draW,pff|  ^Uija  Ji^ffgfti|^,^d/f4^ 
precipitate  is  thrown  down,  which,  when  washed  and 
dried,  is  lake,  (Rees^  Encyc. )  ,. 
Cochineal,  though  a^rmng  a  crimson  solution,  is  ge« 
frPfF«PyiWP^,*w?«4x4iiifcWU?jif*  p¥»PQ^'jit  is 

r;il4xefl,  with.^Mp^r-taiiUrAfae  «fj|iQt«sv  thei  paloui?  |)^nff 
..tGl|j^.b]ra.9^t  of  tin.  ,»<.^  -  .;»,.  ■•  \:.;y 

/! '-»>.»    -I    \     ?'i-.'      .     f;  .  •»'      ■••  ■    •/      •     •  •    1.7-    '  .t'  .      n; 

I     ■■      .  ...    DyHII^O.    .  !-^L:«t...^. 

tir>/i9^_ Wt|i^  .riawng <»i«lnt«.%  fixing .q4qucs  oo  4^)^^, 

so  that  th^jfif^u,pgi^,jb6.jdf4r9y^Jbyi«qw*ii;p^ 

or  by  washing.     The  articles  of  which  cloth  is  composed, 

have  an  attraction  for  cok^uring  matter,  but  it  varies  in 

different  instances.     In  some  it  is  so  powerful,  that  the 

j^9^  way  b«  applied  wiMi|>u(. ,  f^^  ^yf^^p^^umi  f  f^fept 

|affe\y  sc^Mriog  to  n^ovi^impuifiti^lfFbicM*  usM^lly^one 

hwpith  ^  w^k  K^utipn,^  pota^h^^  ,^u^M^  i^Jlf,iQ«JWl 

,4^  the  ifrfuwpnof  thi^flye^ti^jlij^Hih^dte^^ 

ofiffti|igpi^.c^uf,,,jjmi4j,?^UHfa«f^  b^j'IfflfWJIv^rJby 

,jffBhi.ng,,pjtl^  Ptberv55afi^^  ^i^mm^^^^^m^ 

.^^  aj^^fj^ftlAcm  {qU^hq^^^TUhnsyM  c^l|i  be  dyi^^tiy  ii0^«44^» 

,  i^  acquire  a  ir^^isb, <^Qi4r,  w^^fCLBs^}Hmff^finH^  ftigw*^ 

jjojie^aure.  ]b^  r^io^^dt;  Ibut  iitittlt^  pr^i^lpus^  l^viih^jillfa 

^  splutH>n  oC^aJuin,  %\fisf^f^li^  pUtl  ]|i^  )|)ie 

jmaddef  vat,  itAs  ^jffd,,^d»tfifi^9oloiir  is.  fixed,  r«wiiigr|o 

the  mtractipn  pf  the  iduauiia^for  the  f loth,  and  alsgribo  the 
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dye,  by  which  they  combine)  and  are  thuB  kept  in  uoiofl 
with  it.  This  constitutes  a  difference  in  the  proceBs  of  dye- 
ing, and  has  given  rise  to  t^  division  of  dye-stoflb  into  twa 
classes,  the  sttbstaniioe  and  oi^ectivey  nMaching  to  these 
words  the  same  meaning  as  in  comnKm  laDguagew  A 
nubstantive  odour  is  therefore  one  tiiat  wiil  act  ofUidf^ 
an  adjective  eolonr  requires  the  addUkm  of  some  Mer 
bodt/.  Those  substances  used  along  with  adjectif«  dyes 
have  been  called  mordant,  fmnn  the  idea  that  they  bUe 
ffi  the  colour;  they  are  chiefly  alum,  and  some  of  the 
metallic  salts,  particularly  those  of  tin,  occasionally  also 
of  mercury,  lead,  and  iron.  Bat  these,  besides  fixing 
the  dye,  also  change  its  appearance ;  and  hence  their  use 
in  procuring  different  colours  from  the  same  dye-stuff, 
as  the  remarks  on  the  properties  of  colonring  matters 
shew,  these  being  changed  by  the  addition  of  the  differ- 
ent agents  mentioned. 

From  what  has  now  been  said,  it  is  evident  that  ther^ 
are  two  modes  of  dyeihg ;  either  by  substantive  or  aicljec- 
tive  colours.  When  the  attraction  between  the  cloth  and 
the  colour  is  strong,  all  that  is  necessary,  is  to  soak  it  in 
the  infusion  of  the  dye-stnff,  by  which  the  colour  is  im- 
parted,  and  fixed ;  but  when  weak,  it  must  be  first  satu- 
rated with  a  mordant,  and  then  with  the  colouring  mat- 
ter. Of  course^  the  former  must  vary  accprding  to  the 
nature  of  the  dye. 

There  is  still  another  method  altogether  different  from 
those  mentioned  ;  it  is  not  by  usdng  the  dye  already  pte^ 
pared)  but  by  combining  the  cloth  with  substances  which 
act  on  each  other,  and  strike  the  ooilour  required  ;  and  is 
this  way  also  the  colouring  matter  beccMnes  fixed.  Thus, 
cloth  can  be  dyed  black,  by  soaking  it  in  a  mixture  of  in- 
fusion of  nutgi^ls  and  green  vi^iol,  but  it  is  not  p^ina- 
nent  If,  however,  it  be  previously  immersed  in  the  io- 
fosion,  nnd  after  being  dried,  be  put  into  the  solution  of 
the  salt,  the  black  is  produced,  the  same  chemical  action 
taking  place  on  the  cloth,  as  when  the  solutions  them- 
selves were  mixed,  aqd  it  is  thus  rendered  fixed.    lo.  this 
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way,  a  great  variety  of  colours  may  be  produced,  many 
of  which  have  been  ahready  noticed  when  descHbikig  tKe 
properties  of  the  metals  and  of  colouring  matter.  Id 
dyeing  the  compound  colours,  as  green,  this  is  g^deridlj^ 
done  by  making  the  cloth  blue,  and  afterwards  soaking 
it  in  a  yellow  infusion.  Thus,  by  dyeing  it  with  inoigb, 
and  afterwards  putting  it  into  an  alum  bath,  and  then 
into  quercitron,  the  yellow  of  the  last,  and  the  bhife  of 
the  first,  produce  the  green.  ^'' 

As  mordants  are  used  to  fix  colour  on  cloth,  it  is;6v7« 
dent,  that  if,  instead  of  being  applied  to  the  ^hble.  ''cei^ 
tain  parts  only  are  covered,  the  colour,  tfaou^  tcfmitd* 
nicated  to  the  whole,  will  be  fixed  only  an  those  parts  ski 
turated  with  the  fnordani;  and  that  this  is  the  cti^e  4t 
easily  shewn,  by  making  some  traces  with  infusion^  of 
nutgalls  on  cloth,  and  allowing  it  to  dry,  and  theii  put- 
ting  it  into  solution  of  green  vitriol ;  the  colour,  on  thd 
traces  only,  will  be  durable.  Hence  the  mode  of  apjdy- 
ing  a  pattern  on  a  white  or  coloured  ground,  which  is 
called  calico  prtnHng^ 

Two  mordants  are  in  general  use  by  calico-printers, 
— acetate  of  alumina,  and  acetate,'  dtrate;  or  tartrate  bf 
iron ;  the  former  prepared  by 'mixing  sUgftr  of  lead 'with 
alum,  by  which  sulphate  oif  Jead  is  precipitated,  and  ace^ 
tate  of  alumina  held  in  solution ;  the  latter,  by  dissolving 
the  metal  in  the  acids. 

The  solutions  thus  formed  are  niade  of.  the  requisite 
consistence  with  starch,  to  wbich  in  genelral  a  little^'  wa- 
zil  wood  is  added,  to  give.it  colour,  that  the  thiC<^  may 
be  seen  when  applied  to  the  cloth.. '  The  instrument  by 
which  this  is  done,  is  a  block  of  wood,  on  whi(;h'the  pcip^ 
tern  is  cut.  In  some  places,  it.is.mierlMd  wi^  ^k  f^t 
of  hat,  which  takes  up  a  great  deal  of  the  mordant  wni^^ 
necessary  ;  and  for  scone  of  the  nicer  patterns,  ^cpp})^r48 
sometimes  used,  by  which  Oie  impression  is  more  aeli- 
cate.  The  block  being  covered  with  the  ipordant,  is  a^ 
plied  to  the  cloth,  and  struck  with  a  mallet,  or  fbrced 
down  by  machinery,  to  cause  it  to  leave  on  as  i^o^li  'as 
possible;  and  by  applying  it  repeatedly,  ^tHeVhole'web 
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is  properly  covered,  and  after  bei 
room,  to  fix  it,  is  put  into  the  dye-i 
lour  is  imparted  to  the  whole ;  but 
and  vater,  and  exposing  it  on  tb 
parts  previously  covered  ^i^  Ijfte  i 
BO  that  the  pattern  is  dyed  on  it. 

By  applying  different  mordants  t 
rent-coloured  patterns  iiij  feg  pw' 
of  a  piece  of  calico  be  covered  wit 
dant>  another  with  the  iron,  a  th 
these,  ^ana/the 'list  Ml  !u&tou<4ii 
madder-TBt,  the  first  will  become  i 
the  third  purple,  chocolate,  or  lil 
proportions,  and  that  part  uncov 
but  which,  on  keeping  it  in  bran  a 
then  exposing  it  on  the  field,  di 
ground  white. 

Connected  with  the  art  of  dyeing 
daniu  are  made.  For  ihis  purpose, 
red,  end  after  being  laid  up  in  foli 
metallic  {dates,  in  which  are  cat  pt 
to  be  givm  to  the  cloth.  Througl 
die  plates,  a  soltNitHi  of  the  bleeot 
p.  4S0.)  is  silowed  to- flow,  bytrfaio] 
posed  port  of  the  cloth  is^lisohargc 
is  left  on  tlie  red  ground. 

For  fuller  information  on  this  a 
referred  to  Bancroft  on  Pennanent 
Elemens  de  TArt  de  Ja  Teiotnre 
Mem.  iii.i.>  Thenard  et  Re«rd,  i 
Aikta'a  Cbem.  Dictionaiy.         .     . 
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SECTION  I. 

ELECTRICITY. 

Ab  the  subject  of  electricity  properly  belongs  to  Me- 
chanical Philosopby,  it  is  n6t  to  fa^  supposed  that  the 
citcumitaDcc^  concemdug  it  art  to  be  detailed  at  length. 
AU  tfaatJsimtentii,  ita.atatefas-nhiehlas  w31  enable  the 
reader  to  tkaoe  tbe,  conoexituirbetwden!  it  atodothBr  agents, 
and  to  point  out  the  means  of  »produdi^  the  chemical 
changes  it  occasions. 

When  certain  bodies :  ire. xuUbed  against,  each  other, 
for  instance,  amber  oc  glass  tl|Hm  vboUen:  .cloth,  small 
sparks  diirt  from  tkemi  and  th^yqukkly'a^qiiire  the  pro- 
perty of  .drawing  light  objects  towards*  Hfem,  irhich  are 
almost  instantly  repelled.  All  bodied  ;dd  not  '^bbseas  this 
property.  If,  instead  of  amber  or  glass,  a  metal  be  em- 
ployed, little  or  no  effect  is  produced.  The  substance  first 
discovered  to  draw  light  objects  to  itself  is  amber,  the 
nAixI^ty  of  the  Greeks,  and  hence  the  origin  of  the  word 
electricity.  Many  others  have  since  been  found  to  pos- 
sess the  same  quality,  as  glass,  jet,  sulphur,  wax,  resin, 
silk,  fur,  and  worsted.     These  are  called  electrics^  be|^0n 
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cause,  when  rubbed,  they  excite  el 
the  contrary,  which  have  not  this  pi 
which  do  QOt  attract  light  objects  w 
ed  non-electrics ;  they  are  metals,  i 
of  salts  and  eartb^. 

If,  when  an  electric  is  rubbed  a. 
a  Don-elcctric  be  brought  near  it,  th 
off;  if,  however,  an  electric  be  appn 
away,  but  allowed  to  accumulate, 
electrics,  are  therefore  said  to  cond 
divisiim  of  bodies  into  conductor) 
Electrics,  it  has  been  said,  do  not 
electrics  conduct ;  electrics  are  the 
and  non-electrics  are  conductors. 

Though  bodies  have  been  divide 
non-electrics,  it  must  not  be  supposi 
no  power  whatever  of  exciting  el 
piece  of  metal,  for  iottance,  when  li 
rubbed  on  woollen  cloth,  does  not  i 
wards  it,  yet  it  can  be  made  to  ai 
when  it  is  insulated,  that  is,  fixed  1 
then  rubbed  with  fur ;  and  the  sot 
bodies  belonging  to  the  class  of  noi 
objects  can,  by  certain  means*  be  t 
city ;  but  the  difficulty  with  which 
rise  to  the  division.  This  want  of  p 
to  show  signs  of  electric  excitation,  i 
ed  for.  If  we  suppose  that  this  t 
jects,  and  becomes  sensible  by  frict 
the  excited  body  conducts  it,  the  ni< 
retain  it,  and  of  course  the  more  ea: 
shew  it ;  whereas,  when  the  object  i 
almost  the  instant  it  is  evolved,  it  w 
Hence,  though  becoming  sensible  \ 
bed,  yet,  as  the  metal  conducts  it ' 
ty,  it  is  with  great  difficulty  it  can  I 
The  same  remarks  are  applicafa 
non-conductors,  this  division  being 
ral  one ;  for  those  belonging  to  the 
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duct  it,  though  extremely  dowly,  indeed  bo  much  ao, 
thftt  vhen  thrown  into  them,  it  is  allowed  to  accumulste. 

To  excite  dectricity,  kq  electric  is  tubbed  either 
i^aiost  another  electric  or  a  ooD-electric  The  common 
inBtrument  for  this  purpose,  is  the  electrical  madtine^ 
iriiich  conoBts  of  a  glass  cylinder.  A,  which  ia  to  deo- 
ttie,  made  to  rub  «- 
gUBSt  a  noD-ekctric, 
as  a  metal  placed  on  a 
GBshion  of  leather  *• 
The  cylinder  is  sup- 
ported on  non-conduo> 
tOTB,  as  glass  rods  B  C, 
and  is  therefore  said 
to  be  ifuvlated ;  and  at 
each  side  ^ere  is  placv 
ed  a  metallic  cylhider 
F  N,  to  cMivey  the  e> 
lectricity,  and  hence 
called  the  conduetort,  the  latter  having  a  cushion  be- 
tween it  and  the  cylinder,  on  whicb  the  metallic  matter 
is  placed.  These  are  also  supported  on  non.coDdiictor8, 
that  the  electricity  may  not  he  carried  off.  To  the  glasa 
cylinder  is  fixed  a  handle  H. 

Luckily  for  the  science  of  electricity,  air  is  a  non.coa- 
ductor ;  bad  it  been  odierwise,  it  would  be  carried  off  the 
moment  it  is  excited.  Hoist  air,  howerer,  and  all  objects, 
whether  conductors  or  non-conductors,  become  conduc- 
tors when  moist ;  hence  it  is  that  during  rain,  or  in  crowd- 
ed rooms,  electrical  experiments  do  not  succeed,  the  air 
and  apparatus  being  rendered  so  damp,  that  the  moment 
the  electricity  is  excited,  it  is  carried  off ;  and  hence  also 
the  necessity  of  having  the  machine,  and  all  the  appKra. 
tus,  well  warmed,  that  they  may  not  condense  the  umis- 
tnre,  and  thus  become  condnctors. 

If  the  electric  subjected  to  irietion  be  completely  inni< 
latcd,  as  is  the  case  with  the  glass  cylinder  of  the  ma- 


*  The  mMsUic  nutter  tmploTad  ii 
tin,  sad  h  ^Mtxi  on  the  mUon  irith  a  Httle  gnsK. 
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and  it  be  placed  over  some  small  pieces  of  the  pith  of 

'  eider  tree,'  they  are  aftiUctM  abd  rie^Ued,  86  that  they 

iiris'kept  cohstantly  in  motion.  '  On 'the  saine  |)nnci|>!e,  if 

apiece  of  metal  leltf,  placed 'on  a  plate  6f  kn^tkl,  b&  held 

'HeAr  the  eondu^rtor,  it  i^  kept  suspended  between  them, 

'kit*  father  it  moves  upwards  and  downwards,  beiiig  alter- 

nafely  attracted  and  repelled. 

* '  Substances  electrified  by  being  approached  to  or  con- 
liected  with  the  conductor  P,  repel  each  other.  If,  for 
instance,  a  person  lay  hold  of  one  of  the  conductors,  and 
stand  on  an  electric  stool ^  which  is  merely  a  board  sup- 
ported on  glass  feet,  or  non-conductors,  by  ^hich  it  is 
insulated,  he  becomes  electrified,  the  electricity  pasdng 
from  the  machine  into  his  body  ;  afUd'his  hafr"#ill  sUUkd 
on  endj  because  each  hair,  being  '  electrifi^, -riilpiels' the 
one  adjoining  it.  The  same  happens  if  w^ 'attach  ^  bdncb 
of  feathers  to  one  of  the  oonduict(^ ;  tfaey  are  disctrifiedy 
and  repel  one  another,  and  'the-  different  parts  bf  the 
same  feather  alsc^- repel  th^  others*. 

All  of  these  phenomena  are  produced,  whether  we 

BMike  use  of  the  conductor  P,  or  that  connected  with  the 

cushion  N,  bodies  bein^  attracted  and  repelled  by  it ;  and 

ff  two  or  more  be  electrified  j  they  also  nepi^l  one  aiiother, 

lso4hbt  it^may  be  considered^  si'^en^iA' law,  that  bddks 

'M^Uarb/  ^tMrified  pepel  eHth'^aOUfi/'r-  If;  bbwever,- l^odiea 

<  be  electrified '  at  ^he  diffieteiil  tlDMiuetok^;'  ihstlead  cf  tepd* 

ling,  they  attract  one*  anoAer ;  '^nd'tU^Hhiyir'the  i^ase, 

is  easily  shewn.    Having  fixed  a  wire 'W  P  and  tb  N,  a 

little  curv^,  and  the  points  approaehin^,  suspend  from 

^each  a  piece  of  pith,  and  thdn  put  tlie  machine  in  mo- 

'  tion,  they  instantly  fly  togetiier,  imd  cbhtibue  so  as  long 

as  the  eitfcitatkm  of  electricity  iii  kiept  u^.     Hence  bodies 

dijperenily  electrifled  aUrati  eacho^er:     '  '  ' 

Since  bodies  similarly  electrified  repel,  and  *  thdse  in 
opposite  states  attract  each  other,  We  have  an  easy  uetos 
of  ascertaining,  not  only  ^hen  ^  bbdy 'ib  inir  slate  of  ex- 
citation, but  also  the  kind  of  ^leetrbrity ;  fo^'by  electrify, 
ing  positively  a  cork  ball,  suspended  by  a  silk  thread, 
and  bringing  another  bbdy  in  an  excited  iltate  near'  it,  it 
%fll  attract  if  if  liegiftiveiy,  aod^ie^  it^'if  ^^iMAivelydec. 
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When  electricity  passes  from  one  body  to  another,  it 
travels  with  immense,  velocity,  and  is  accompanied  with 
great  heat.  When  a  Leydenjar  is  discharged,  the  elec 
tricity  travels  along  its  wire,  and  that  of  the  discharger. 
It  might  be  expected,  that  as  the  discharger  is  lengthen- 
ed, it  would  require  a  longer  time  to  pass  along  it ;  this 
is  not,  however,  the  case,  at  least  we  are  not  aware  of 
any  difference.  Thus,  if  the  communication  be  made  by . 
means  of  a  chain,  fixed  to  the  walls  of  a  room,  and 
at  each  comer  be  connected  with  a  bladder,  full  of  an 
explosive  mixture  of  oxigen  and  hydrogen,,  when  the  jar 
is  4iscbarged  by  it,  the  whole  of  the  bladders  are  ex* 
ploded  at  the  same  insiantj  even  though  many  fe^  sepa^  . 
rate. 

In  several  experiments  made  by  the  Members  of  the 
Royal  Society,  it  was  fouhd  that  the  electricity  from  a 
Leyden  jar,  passed  through  a  chain  of  several  miles  in 
length,  apparently  as  quickly  as  along  the  common  dis- 
charger, at  least  there  was  no  perceptible  difference. 
Though  this  !s  the  case,  yet  it  does  not  travel  with  equal 
celerity  along  all  bodies.  According  to  Cavendish,  iron 
oonveys  it  400  millions  of  times  more  quickly  than  water, 
and  even  water  itself  has  its  conducting  power  changed, 
by  jlissolving^different  substances  in  it.    (Ph.  Tn  1776.) 

The  discharge  of  the  jar  is  also  accompanied  with  heat, .. 
which  is  oft^fn  so  intense,  as  to  set  fire  to  bodies*     If,  for  , 
instance,  cotton  besmeared  with  powder  of  resin,  has  a 
spark  passed  through  it,  it  is  kindled,  prov^led  the  ma- 
chine isin  good  condition.    For  this  purpose,  the  cotton  is 
placed  ofi  a  metal  stand,  the  bottom  of  which  is  attached 
to  a  chain ;  the  jar  being  clmrged,  is  alto  put.  on  the 
chain,  and  the  discharger  is  then  applied,  the  one  ball 
to  that  of  the  jar,  the  other  to  the  cotton;  the  mo- 
ment that  the  electricity  is   discharged,   that  is,  when  ^ 
the  spark  passes  from  the  dischai^ger  to  the  metal  on. 
which  the  cotton  is  placed,  the  resin  is  kindled.  ^. 

The  discharge  of  electricity  is  sufficient  also  to  cause 
gases  to  explode.  When  hydrogen  and  oxigen  are  OHX- 
ed,  and  heat  is  applied,  there  is  an  immediate  ezplotton, 

VOL.  II.  A  a 
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it  16  applied  in  a  ichemical  point  of  viewrr*-Mo6t  of 
theicjiongeft  produced  oii!  bodies  by  this  irondevfuV  agenl^ 
toetti  to  deptod,  in  a  gneat  Dieantroi  €»  4b0  hight  ttm^ 
rMt^d  it^iitdioeftr.i  The  beatrexeieed>:it  hasbeenr^Mdy 
mentionedt  is  ^Aiffiesent  to  iilflanie  reain. .  By  some  {of  itbe. 
Vtf!j:intf;e^deetriettl  OMfthine^^inMy  inchra  of:  ni0taUio 
wire Jiaye  been  fused ;  oren  quartz,  one  o{  the  least  tfiurf^ 
bit  of  minerals,  ha^  been-  meHed  by  it  Thf  greater  the 
resisfaltaa  offered  to  its  paseagOf  the  greater,  it  gtitf ral^ 
is  the  «dorie  •VoWedi    .  •  <)  r. 

iThe  points  of  fusion  of  diffinrent  bodiis^  '6e*Hi<  tit  vavjf 
frdj^  those  occasioned  by  beaf^  as'  hus  beien  shewn,  bjr 
Vsfp  Marumi  partievlarly  with  respect  to  iiel!aW|  but 
this  Is  probably  owingto  thdr  different  powers  of  oomduelM 
iogi  dkctridty «.     i 

'•Slectrioity  occasions  remarkable  changes  cm  gaseous  bd* 
dsis^-Moaosing  the  union  of  softie,  and  the  deoompositioB 
oliothers^'  Theaj^aratus entployed for  the  tnunmissiow 
of  electricity  through  gases,  is  of  the  same  construction  as* 
the  eleetrioal  pietol ;  meioly  *  strong  lube  having  wives 
passing  into  it,  and  terminating  at  tho  distance  of  about 
l4UKth.Df  a»iniik&dn» each  other,  (vd.  h  p^ SOS.)  The 
jmv'  After  being  mounted  on  a  mcopcurial  trough^  has- the 
gha  introduced,  and  an  electric  spark  passed  Aroug^  il^ 
in*  the  maimer  idready  desctibed  in  the  experhnOnt;  with*' 
diO'piitoL  "  •-' 

From  this  property  of  ekotricityt  it  pMV«s  aft  eocceUetit 
means  of  flina^ais,  because^  by  the  transmisaloo  of  qiatkai 
through  gases,  some  are  made  to  enter  into  union,  andaeos 
piobably  condensed,  while  others^  if  oQaapoaBd,'have  their.  ^ 
ingredients  separated ;  so  that  by  masking  Am  condeni^ 
saftiim  or  enlargement  the  composition  of  -  the  substineea^. 
may  bo  disccMnered.  The  particular' ohMgesoeeOsknwd^^ 
aoil  the  1  motbcd  of  applying  electricity  ia  a»dy sis^  lurrw  ; 
bslds  gmni  whett  descfibing  -die  prdfMrtie»bf"thi  bodiarf^ 
thOI  hasvebeen  atibjcctad  toi  ita  aotiM,  sskI  of  thOio>t 
that  aae^ttscdwith  it,  <voL  i  pu  SOS^>  Blectii^  ae*^ 
ochrites  evaporatioDro  Jut*^  invigaratec  *th»*  ^wth  A>f 
|iowliii  and^prtigas i^ atiiafcihia  tetho^aaimtllrfttiifl^  oste- 

AaS 
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thmtor,  theefiect  oMitinues  {at-^KMe  timCr''  He  htfs^also 

'Ibund  that  beat  inodifies  the  def^l0pelneAt-6t'A4^tfULtj 

-ill  these  d^a/^  «  From  these  experrmenW  he^  kaft' aeaidu.d- 

ed^  that  the  Kgbt  emitted  by  powerful'dMeimiicm^^  «kie 

-tb  the  electricity  evolTed  on  "tii^  Burfkee  ati  thfe  mMiskt 

't)f  coinfpressicm,  and  beno^  probably  the  camse-ol  tba^lfght 

-durhig  the  discharge  of  an  air  gM,  frdm  the  fbfMotf  of 

'the  particles  of  foreign  matter  carried  in  iHtUvtlto^d. 

"ding,  (toI.  ].  p.  179.)    In  many  instimces^  eleelrioit^is 

discharged   during  a  separation  of  partidesy  and'-Aie 

'i^ause  is  probably  the  sanke  as  in  those'  jutMttMOCiQ^^d. 

ThuS)  when  sugar  is  broken,  or  dorti'tons  ^'in  tlnsdark^ 

'  there  are  flashes  of  electric  l^t^  andtfi^-ttilieiafaliiylfAp. 

pens  on  drawing  off  a  flannel  jacket/  or  a  silk-^^tcMAriilg, 

"'electricity  being  evolved  by   the  mere  sepat*Atkm!jMm 

*'the  body  with  which  they  were  in  contact.  '  ■  M'ii-:>i:\  ^J 

Electricity  is  likewise  evolved  dmring  miinjyfsdf^the^^ic- 

""Ciirrences  of  nature.    The  aqueous  vapeiir  wMdi  'ariies 

from  the  surface  of  the  earth,  as  it  is  condensed^ifinrfcis 

'  douds^'  which  become  electrified,  and  the  earth  beiibg  in 

an  opposite  state,  if  they  approach,  an  electric  qiark:|»a8- 

''Iss  between  them.    Electricity  alao  often  flies  from*  one 

(^  cloud  to  another,  the  one  having  been ^|M>8itively»' 4he 

toother  negatively  electrified.     This  is  -the  cause  (tfiight- 

'^ning,  and  the  vibration  produced  in  tfllcaifc^oeeasitas 

'thunder,  which  is  more  or  leas  loudi  aeoording  <taf(lhe 

"quantity  of  electricity,  and  the'' distance  at*  which  itJiis 

V  beard.    Dr  Franklin  made  the  important  diseovterj^  that 

the  electricity  thus  discharged  in  the  heaven^ik^  the  sane 

"  'as- that  given  out  by  an  electrical  machine 4;['Wh{di  he 

*i^roved' by  a  very  simple  eiep^riment  «i  H&  def«tad> ^into 

•  >the  air  a  silk  kite,  from  which  thei^'deeoended  a  cord 

' '  odtitaimng  a  metallic  wire,  attaehed  to  a  cowbiotary -ii^ 

-^|)orted  on  a  glass  rod.    By  this  he  waa  enabled  to'ehaige 

"'a  Leyden  jar,  which,  when  discharged,  produced 'Ike 

'''Mne  effects  as  common  electricity.  ^      '      « 

.<  •    Perhaps  the  most  useful  application  of  on 'kaiowleflge 

i^ef  the  laws  of  electricity,  is  the  means  which  it  ht»|KHit- 

-n^  Mt  of  ptotttotlig'bttikliiigs  nod  4faii»fMM^ 


'    •    I     ■  .  i  1    I  I    i    ' 
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hyJtJLQ$^oag:'9B  vitb-an  dec^ripalvi^inc^  ja.  whiob  tiwf^l 
g|i9l^  ,^]^der,  rubbing  agaoi^  tbe  eushim  yith iUjamnt 
taUic  m^itter,  is  suppot^  jU>  deprive  tbe  letter. .of  it  .,t^tii 
may»  i^waYei^.be  evolyod  by  otbei;  jH^eaos^  but  wh^i) 
tbif;i8.doo;P| jthe pheDomenapre^ated  by  itaia4ctipiitt.y9^(| 
from  those  of  common  electricity. .  K    ^  >:  ^  lu.iii 

The  wjife  of  CvalvaDit. professor  of  aaatoaiy  at^^pk^piPy 
accidentally  discovered^  that  wbeo  the  nerve  of  tl^,1ii9]^j 
of  a  frogt  lying  near  an  electrical  machine,  was  toufch^dh 
with  a  piece  of  metal,  it  was  thrown  into  violent  conyMJk) 
sioosy  even  though  it  had  beea  dead  for  some  lime.  TilU/ 
discovery,  made  in  the  absence  of  Galvani,  whei^  cpipKh 
mupicated  .  to  bim» .  naturally  excit^  ]td$  curiosity,  aH^^ 
repealled  the  experiment,  j^id  after  vailing  it  in^  differ^l^ii 
ways,  pcqved  satisfactorily  what  bad  thus  bean  diaoovec-^; 
ed  jl^y  m^e  accident.  ,Q^  fbujpd  that  the.  cpnyul^iw^v* 
could  .a^  be  excited  indepejidi^nt  of  tb^  electric  m^^/o^m^iKf 
for.4»v4fi^  with  tbp  y^w  of  l^pujUig  tbeitryih,  44.mfueJ 
of.bia  opinions  frith  respe<ijt  to  ^iu^9u]ia|<|inqtip<4  JH^ 
ed  a  frgg  by  means  of  a  yyietallic  hookop^anibrop  jr^ijly^lx: 
he  Caund  tbat  at  c^i^tain  .times  tb<»y  .w^Mre^e^dt^;  •. .Wbjyioi 
also  the  nerve  of  the  axtreinity.  was.  ppv^p:^  wjtb  -^..nil^ui 
talbfi  leaf,  and  the  leg  laid  op  a90(ber,pi^Q?>  pi^  estubUlbyni 
iiig  a  cpnuuunication  between  tbam  l^y  P^eappi  ottj^vc^p  thi^il  r 
became  stronger*  .    ,.,.    ,.;    .  .^i*  •  •  ni  ;inr 

These  experiments  of  Galvani  are  easily  perform^da  • 
Having  deprived  the  lower  extremities  of  a  frog  of  the 
stun,  the  great  nerves  passing  near  the  spine  are  to  be 
laid  bare  by  cutting  off  a  piece  of  the  vertebral  canal. 
A  slip  of  tinfoil  is  placed  around  the  nerves,  and  a  com- 
munication made  by  means  of  silver  wire  between  the  tin 
aad  any  part  of  the  1^>  and  the  conyulsions  are  excited. 
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ablc.timeopposedt  jtill,.,b7  a,  particulitr  (a^atriyfiqcf^j  it 
v«t  putbsjiond  the  pouibility  of. doubt.  ,..  „i -i  ,,  .,,..,^ 
Mil  l»  qowirredito  Volt*.  (P^  V^r  ^800,)  th8t''t^e,9fjn]iiHU 
iMODB  in%htb»  greater  bj;  UBing^inore  jfwet.t^jp^ft^ 
Ue  aeoordinglj  took«  ipynilier  «f  pUtea  of  .zipc,^d|*i)^^* 
iwd  «?«»8^.thent  iA.pairs,  ,putting^(Wt^d  Ww^ 
n««cb,pui:»  and  &iU9JTin«  the  s«mp  (Kd^p  througl^uj*  ■• 
QaiQ«r>iLT«r«a¥di2in(^.8ilTei,cai!dt8[c..&c.  ,'fY^^t;th^,^gs 
i.vrw«.fQUtfiiad  hy.meuiK  of  vires  AB,  the 
(.•ffetto'Were  much  gi;^ter  tban  vht^  oif)j 
litpo  p(egfs.Here.;uKd;  and/healao  foifna). 
>,:t)l«t  tfafy  ir«re  ioTftriably.in  jvop^rtipQ.  to^ 
thej;viinber,J'uUy  proving  the  truth.of^  h^ 
'•qpiiUOD,  ,tbjtt  ,the  electricity  vas  givea  ,out  f 
.;|ky  the;  metals,  and  not  by  the  aninia1>.  .It,  h^ 
),)teei|.(^ed  gaivaniam,  from  its  discoyerer,  a^4  ,b<W)^ 
,^aie>alsp  voltaic  eUctrici^  and  the  apparatus. by. wl||ch 
,jth)«  i^af  proved  is  now  t^^med  a  voltaic  pile.. 
,,o  ^i^Kjerial improvemeDtp  ^ave  been  made  on  the  pde.,4ie 
.T^^,.,imiiqrtant  of  .which  ;r8s  the  discovery  of  Ctfuan- 
-jiM>^M-,  D-'^tfe  appaffitus  used  })y  him  (opsifts  oTa  w«od> 
en  trough,  A  B,  in  the  sides  t^f  wbic^i  ar«  i^t  grQoyei, 

liitMIPi, 


11 

uSisfr""'  ^V  <Uslaiicc  of  i  or  i  of  an  inch  IVom  each  otfier 
,[flCfo/^ing  tu  its  size,  and  into  which  aro  placed   ii  plate 

,((^^pp(;r  and  ziiic  C,  Z,  soldered  togothc-r,  foilowjngthe 

,jfffioe  arrangement  as  in  the  construclioi)  of  the  jiilt,  cop- 

i)JK^  pii'^i  copper,  zinc,  S;c.  so  that,  in  looking  from  one 

^fif^dji,  along  the  battery,  we  qbserve  all  the  ztnc   faces, 

and  frouj,  the  o^h^fj  |A,  all  tlie  cc^pDer  oueft.        i    >    , -. 

,_i,  }p}f  pot.^  m*tte^,.9f,  iijdi^qrenc^^  wt'at^^fpelB^^  we.'em. 

,>Blf\y«  HV  (-V^StrucOpg  _^  ta)|te^y^^;  t^ejf^  i^^^^^^ 

.^f^^^wers.j^p^idsJ^^^or^^l'be^^^^tp^^onVy^a^i 
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moi^pbvvntM.  The  flMi  is  ^irixidi  il^  it'noih  uh^;  te  k 
rwaai&k  1foi%li  trith  gkuf  partltioii8»  ^r  M  «irft«i^itte<e 
iiytt^  A  By  diTiifcd  iftto  eotaipairtmehtt,  ,  ^  ;  ^  ^  - ' ' 

iiite>*5irUi^  tlicf 'add  is  pijoaeedf  mA  '|ff|jf  1 

tM  pktes  2^'  O,  joitied  hj  a  eroM  lf|j  t)  J 

*ir  Ilk '^11  it*  tt^  ire  !^^  yyi^y"/ 

that  the  copper  of  one  pair,  and  the   ^ 
jriiic 'bf  tootherv   are'in  Ihe  ilaaief 
eanipArtiiient. 

*  These  {dates  are' (teily  removed  and  deaned,  imd  iti^ 
dris  purpose  they  are  generaUjr  sitspended  to  doss  beam^* 
add  put  into  the  aeid  when  required.  ' ' 

AhoAer,  and  still  more  powerful  form  of  batterf,  ^iii 
tliat  reoenmended  by  Wollaston.  It  consists  in  plactitij^ 
iilto  eajdi  edUl  a  sine  plate  with  a  copper  one  on  eachaide^' 
the  Utter  being  connected  at  top  and  at  bottom*  hj  me- 
tallic arcs,  and  kept  supported  on  the  former  by  pitees 
of  wood ;  the  zinc  plate  of  one  cell  being  connected  witb' 
the  copper  of  the  adjoining  one  by  a  metallic  arc,  as  Ite^ 
the  t&urofmes  -de  kueeg.  By  this  contrivance  Ibe  ^i6wi4 
is  increased  by  one  half. 

By  the  tr6ughs  thus  constructedt  the  action  can  he  kepi 
up  inuch  longer  than  in  the  psle ;  the  effects  are  giesdei^ 
tt<tt&^(t  tome^tent  of  surftic%  aM  thtij^  ar^ittbve^Mifi-' 
ly  managed,  and  sooner  in  actibtt;   *        '    '  '      '  "-' 

That  the^  effiM^  are  greater  bytliisi  than  hf  uflhi^eoly 
two '  metals,  may  be  esailj  aheMi.  I&Ying  MspfeMted' 
the  firog  im  .tha  wire,  c^tmected  '#idl  ^ne  ^d  of  'CHef 
tuoughy  N^tonoh  it  wi/th  iutother  firomtheoppdsMe  ehAf 
P,  ;^md  -the  eoftvulabiis  are  mudi  stronger^  than  in  tbbie' 
instances  already  mentioned'.      "  «  '  "M^' 

The  sensations  exdted  fcy -tha  ^battery  ^istevety^pecM' 
Kar^  If ''  a  ball  be  plated  ai  'ea<&  end,  and  the^halMlir,' 
after  being  wetted,  are  putjbn  Aem,  diere  is  a  thHUiiig^ 
ki  the  fingers  and  arms,  which  bccoii^esi  pmnfU  if  itr-b^ 
large ;  at  the  same  time  conrulsitms  are  excited.  -  Ili3 
necessary,  however,  for'  the  success  of  this  ckperimoMf,'^ 
that  the  hands  be  wet,  and  the  greater  the  exteikt'^fir 
mDistened  sof&oei  the'moie  pawtrCkil  ait  iki  eftiMs^'^ 


{Uecfffpl^cbiiroQal  be.placed  in^  tumbler  of  i^thiey  en\it 
fi.«pftrk  «aph  time  they,  are  brougl^  into  «onti^^t^  bi^t  hf 

Iji^mfi^aaa.aobniliant.as  iaaifv  >,/. 

/ ,  JBj  galyanisw,  ibere,is.Dot  only  the  evoIuti(Hi  of  lights 
but  what  18  still  more  remarkable,  metala  are  easily  ignifr 
fid,  aad  tven  fused,  ao  that,  an.intense  heat,  is  alsQ  ^x- 
cited.  ,       .        .  ,        ^.. 

:.  When  the  metalliq  conductors  N  P,  areplaci^  at.the 
ands  of  the  trough,  and  a  communici^n  established  ^j^-: 
(ween  them,  by  meaas  of  very  fine  wire,  as  platinumff  ^ 
j#.  made  red  hot,  the  length ,  ignitefl.  depending  on  the 
strength  of  the  battery.  If  a  metallic  leaf  be.empjc^edf ' 
the  heat  is  sufficient  to  convert  it  into  vapour.  .  Hhifi  is 
done  by  putting  the  leaf  on.  one  of  .the  wires  o)f  the- 
tfough  N,  and  having  the  other  terminated  by  a  zinc* 
|date.  .  The  moment  that  the  plate  is  made  to  touch  the 
Isafi  the  latter  is  dissipated  in  vapour,  being  consume^ 
^th  a  bright  light  Brass  leaf  bum^  with  a  wfaiite  flami^ 
and  red  streaks  are  observed  running  alqng  its  surface^ 
iSvf n-  gold  and  silver  are  consumed  by  it%  the  former 
lAuming  with  a  whiter  the  latter  with  a.  green  flame. 
v-  By  the  large  battery  of  Mr  Children,  which  consistcid 
9i  SO^  paira  of  plates,  6  feet  l^.S  feet  8  ipches,  a  pll^^r 
fCiu«|>wire.l-dOth.  of  an  inch  ia  thicjki^ess^.  and  13  ioph^ 
loi^  became  at.  first  red  hpt,  a^d  then,  fus^d  In  ai^ 
pihei;  experiment,;  &  bar  of  the  sa^^  mi^^l .  X-StJli  <»f  afi 
Wch  squaee, .  and  %  inches  long,  iwaa.fabo.made  Jted  )^v^ 
mdeven  fuaed^it  the  eiLtremity,  (P^u  Tr.  1815.)  .  ,|^. 
K..:Though  in  these  cases^  the  ext^t  pf.fLurjTaeq  pf  n^gtff^ 
VkiHut  battery, was  very  great,  and,jthe./e;q)eme  cpfi^qrr 
piUe) -Dr  WoUastcm  was«able  by  i^.smaQrplatQ  <if  zin^\j^ 
ignite,  platinum  wire;  in  fact,,  t^e  appwat;u9  wbicK  9y? 
used,  was  m^ely  a  silver  thimbU,  the.  sides  hc^pg  s^pez* 
^  together,  and  a  piece  of  zinc.  Smiths  of  en  iniih  ^uare 
{daced  between  them.  By  this,  when  immersed  ij^,,f 
j^^ixture  of  1  of  sulphuric  acid,  and  50  of  water,  platimn^^ 
wire  ll-3000th  of  an  inch  in  thickness  ^and  from  IrSX^  -■ 
to  l-80th  of  an  inch  ia  length,  was -easily  fuse0|..(4^)^  * 
Wv  T?*X.»*    vi)^.H    rib.Mi  ir)   >  ^YiuifOV}  ^JvnrnairfT 
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<Miidable,  *  'being  in  the  BuniM:  or  iUe^a/Ay^  ^  sUtei  ^Whis 
hm  gL^et  vis^  to  thd  dUtinodan  of/dw  wids  of  the  tfbuglv 
aad^ef  Ae'wipeiooiiiiiig  fcom  themyiinlKy^o^tis  ahd^ini) 
gtdioe.  BjT  the  positb^  vfre,  .tbeiiy  is  to  be  imderstdid 
that  firom  the  zbic  ovtmott  ooddable  metal^'  oadr  which ^c^* 
hibitrthe  ={du«  t>c  ponthre  electrieitj^^  by  die  negatifb 
wire  is  meant  that  from  the  co(^r^' or  least  oxtdabie  em^ 
and  which  is  in  the:iniiiai or ttsgativ^e-stale^i  -         i    *» 

•  Galvanism  is  a  mosi  powtrful  agvHt  in  causiiq^  doooin 
potitioii.      By  inereaipi^  Ae  strei^ht  of  the  butttryv 
■nbfttancei  heU  together  by  the  most  ^icMFerfiil  afiaitj^ 
an  easily)  separated^  :  We  hane '  thur  bee«t<eM4>led'  to  ^ 
oertein  the  compotitfan  of  some^  tULthen  stehohed*  Aa^^ 
ple^  aiid  newbodict  have  also  by)  ks  aid  been  diseowredj 
which  hara-  themsetvoa  pvoted  powerM  neott  ot^mui^ 
sis.    Nichol9on  and  Carlisle  .fisst  painted  oat  its.  effKlfiP 
on  >  wateis  and  drew^  the-  attention.  oS  etfatcw  teethe  tubjeol^ 
Sinci^  a^eny  iv  has>  .bte»  siKcessiNrefy  examiaed  as  a  do^ 
raieat  agent,  by  Vcdtay  Fourerojfv  'Sbsnasd^  Bevatliid; 
and 'Others^  on  the  oontinent;'  anil  in^  {this,  country,  by 
Cniio|[8hanIi>;  WeUaston,  andiDtayy.    Abbiit  the  begktf^ 
ning.of  thbesoturyy Sir  Hi  IhtTyvat'tbat^ticseprofessofr^ 
at  the  Royal InstitotiDo  pf  Lon^fatiyfiSidijected  A-iMinibet'' 
of  snbstcncea  loide  aotite  of  a  powerful batteiy,  by 
which  he  discovered  the  compound  nature  of  mattyV'  and* 
illustrated  by  numesouaiastadeesy  the  dieaaical  changes' 
produced  by  this  wonderful  agents 

Nicholson  and  Carlisle,  it  has  been,  already  said^< 
fiist  pointed  out  the  effeele  of  galvanisnt  oowtatetv^ 
For  thisporpose,  diey  put  intoit  brass  wises  CMMn<tbe' 
opposite  ends  of  the  pile,  and  die  mooitnt  the  eomtaaatd^ 
cation  was  established,  a  stream  of  gas  was  dbsenred  te  t 
rise  from  the  wire,  oonnected  with  the  eiW^r  estremi^f 
and  which  they  found  to  be  hydrogenif .  ^at  the  saioe  tiflte 
the  other  seemed  to  have  undergone  oxidatioQ^'nOnasing'/ 
wires  nut  liableto  be  osidated^  got^'was  giveDroff  fiDSin 
eaehyoneof  whieh  aabeferewtoliydroged;  tlM0tbBtythat>a 
set  free  fron  the  win^  coming  froin  the  Bino  eiidW -^tfasfe 
pttib  was>oaufen';ri  henoiith^  eonoknioiiiiinsMtriBaliitfiata 
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fnpm  the /en4s  of  the  pile,  £by  qonoecting  the  cctoduttors 
with  J^  and  By  the  gases  were  giren  offj  aad^riMttgito 
the  top,  caused  a  depression  of  the  watir ;  but  wlien^tbi^r 
came  so  f^  down  as  to  leave  the  upper  eod  <^  the  #Hf^ 
F  exposed,  a  spark  passed  from  it  to^'N,  and  caused^  thts^ 
gases  ^  jnit^  isto  uiuon^  by- which  the  tube  Uganb'be^^ 
caroe  fulL^  \;  ^       i  - 

In  carrying  on  the.  decomposition  of  water,  it  is  net  ncU* 
cessary  that  the  wires  be  inserted  inCo  the  sam0  wsM^^ 
difff^eat  ones  may  be  employed,  pnmded  they  ate  Mn- 
iiected  by  a  moistened  fibre,  or  cotton.  Thus,  if- twio^NstfLl 
^Is,  A.B,  hava  the  wires  inserted  into  theOy  N^ati?;  4n# 

6  •  ■  ■   ;  .  . 
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F  at  D,-  a  piece  of  cotton  being  put  in  at  E  F,>die  gaaei^^i 
aitt  diseng«ge4»  that  from  Ft  being  dxigmi^  and  froMuNu 
hjrdrogen. .  - .  %■.    w.  •  .  -.»  ^^.-.-..-ioj 

i.Jf,  iasftead  of  connecting  the  vessels  by  cotton^. a: i 
wire  be  used,  there  is  the  diaengagement  of  gas,  notoalyl) 
from  N  F,  but  also  from  the  intermediate  one^  and^-.' 
like  Ihe  others,  it  has  also  its  negalive  and  poeitive  elL- 
tremities.  Thus,  if  N  be  inserted  into.  A,  and  P  into  B^  i 
and  a  wire,  £  F,  be  used  as  a  means  of  <ommuuiGatioii^.>' 
N.  will  give  oiT  hydrogen,  and  F  oxigf n ;  Jtbut  besides 
tbiss  there  is  also  ozigen.  coming  off  fropx  £>  and  hydfiOfr*-^ 

gt At  from.  F* ' ^' -  .  r.      li:  ■.•■:'.     it*  'h'.Cv.'i". 

lo;  th^  experimenta  stated,  gold  .or  plal^uitijjMraii. 
must  be  employed^  or,  which  answer^ equally.  weU^tK'PF'^^* 
ones,!  terminated  by.  two.  or  three  inohea  of  platiniMp.i  jifw 
copper  be  used,  ^ere^  is  the) diaengagement  of]  anlgr  Ofmu 
gas,|  ;and  to  .prove  this, .  weJiave  ncsrely  to,<iniertftJMm(i 
intoibe  globOlarxA^  ft  ga»  is  given  off  from  N»  i|pd  wkiob,io 
on  tf^  appIicalidi^oCiflamey  wall  be  iQUBdto>bums|ve7l]r#/. 
awagr^rAhevingil/t^  bfLb|rdmesn.    ThQivire^S^(j|(fl^iM,I 
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geft  and  aeids  had  m  tandteoy  to  arrange  themselves 
around  the  positive  wire,  while  inflammahleS'  and.  sali- 
€able  bases  odleoted  afeiind  the  negative ;  which  was 
afterwardls  iati8&ot<»ily  proved  also  by- Davy. 

The  ooBsideratioii  of  diesd  fiusts  led  to  the  opinioa^. 
ttuH  this  afimties  of  bodies  mlghl  depend  on  thdr  elec^ 
Irical  conditions,  and  eonsequently,  that  by  diang^ng 
these,  their  affinities  m^ht  also  be  altered,  and  the  m- 
gradients  of  which  they  are  composed  drawn  asunder. 
in  1806,  he  was  induced  to  try  the  action  of  galvanism 
on  the  alkalies,  by  whidi  he  not  only  discovered  their 
tkmiporftion,  but  happily  confomed  the  troth  of  hia  spe* 
ealations  with  respect  to  the  mode  of  Ik^on  ctf  Aisxxiwer<* 
All  ag^^ttC    (Ph.  Tr.) 

In  subjecting  potassa  to  the  galvanic  influence,  a  small 
pieee^«>made  a  conductor  by  exposure  to  air,  so  as  to 
becOBie  moist,  was  placed  om  a  platinum  cop  connect* 
^  with  ijie  negative  wire.  The  moment  tlie  commmm 
eatkm  witt  comj^ted,  by  touching  it  wkh  the'  i}ioBittve 
one,  it  began  to  fuse  at  the  p(dnts  of  oontect,  at  the  same 
time  there  was  a  violent  effervescence  on'  the  suzface, 
and  at  those  parts  next  the  cup^  minute  globules,  having 
a  M^  metallic  lustre,  appeared,  some  of  which  burned, 
while  others  became  covered  with  a  white  crust;  In  his 
fiitt  attempts,  he  did  not  sueeeed  in  collecting  the  metal- 
lic matter,  owing>  to  it#  4Mng  inflamed ;  but  he  altera 
wards  discovered,  that  by  carrying  on  the  action  under 
tile  distilled  oil  of  naphtha,  the  combustion  was  prevent- 
ed^ and  he  was  thus  enabled  to  proeure  a  sufficient  quan- 
tity to  ascertain  some  of  its  properties.  He  found  diat 
the  effervescence  was  oceastonod'  by  the  disengagement 
ci  oxigen.  The  metallic  globules,  when  heated  in  air 
and  in  oxigen,  were  inflamed,  eodgen  was  consumed,  and 
potassa  was  generated.  He  tfaereibre  concluded,  that  be 
had  succeeded  in  decomposing  the  alkali,  and  proved  it 
td  be  a  compound  of  oxigen  and  the  metallic  matter,  to 
wWdi  he  gave  the  namr "Of  potassium. 

^  Similar  experiments  were  performed  with  soda,  and  the 
same  results  obtaaied,  A}m  soda  disengaging  oxigen^  and 
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observed  by  Cruicksbank8,Aod  afterwardiiby  Hisioger  fiod 
Berzelius;  but  we  are  indebted  principally  to  Davy  foi*  th? 
very  important  facts  disclosed  ooncemii^  tb^  agi^ucy  Q$  gal- 
vanism on  this  class  of.  substaiices.  Generally  Sipeakioft 
the  action  is  the  same  in  all.  The  changes,  tberefi^e, 
that  always  occur,  will  be  first  moitioned,  after  ^icjliy 
those  peculiar  to  any  particular  salt  will  be  noticed.      ^ 

When  the  wires  are  introduced  into  a  solution  of  ii.  sa}^ 
suppose  sulphate  of  soda,  the  first  thing  observed  is  the 
decomposition  of  the  water ;  but  on  leaving  them  in.  for 
some  time,  the  component  parts  of  the  salt  itself  are  ac- 
tually drawn  asunder  ;  and  what  is  very  remarkable,  .the 
acid  and  alkali  are  collected  around  the  difierent  wires* 
In  every  instance,  the  acid  appears  at  the  positive,  and 
the  alkali  at  the  negative  one. 

The  action  of  galvanism  on  compound  salts  is  easily 
shewn,  and  for  this,  no  great  size  of  battery  is  required. 
If  a  bent  tube  A,  be  filled  with  so- 
lution of  glauber  salt,  tinged  blue 
by  cabbage  water,  and  the  wires 
introduced  at  P  and  N,  the  water  is 
at  first  decomposed,  as  is  diewn  by 
the  disengagement  of  gas,  but  the  salt  itself  also  very 
soon  undergoes  decomposition ;  the  colour  of  the  infu- 
sion in  R  becomes  red,  shewing  that  it  contains  acid, 
that  of  G  becomes  green,  shewing  that  it  has  an  alkaU. 
So  that  the  ingredients  of  the  salt  are  separate4,  wd 
collected  around  the  wires  in  the  opposite  limbs  of  tbe 
tube,  the  acid  being  with  the  positive,  the  alkali  with 
the  negative  one. 

In  the  above  experiment,  the  decomposition  is  carried 
on  in  one  vessel.  It  may,  however,  be  effected  thpMgh 
^veral  be  used ;  but  the  results  vary  according  as  .they 
are  connected.  If  two  or  more  syphons  be  employ/ed, 
A  B,  and  the  adjoining 
limbs,  be  connected  by 
moist  cotton  C,  on  the  in- 
troduction of  the  wires  N 
P,  the  decomposition  com- 
mences ;  the  infusion  in  R 
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coanected  with  the  oUi^^s  the  decattpoaitiw  oomi^eiir 
oea;  the  aolutitm  in  F  will  becoQtie  r^^  and  tluU  lA  S 
green ;  the  whofe  of  the  acid,  thereforcb  from  £>.  must 
have  pataed  along  the  eotton  intd  F^  and  th^  alk^dii  firaB^ 
F  must  have  gone  into  S.  So  that  the  ingrediei|t«  ave 
GoUeoled  in  aeparate  vesaela ;  and  if  the^  »periinent  lie 
carried  on  avffieiently  Idng^  not  the  smaUeat  pairtide  of 
acid  can  be  detected  in  £|  nor  of  alkaU  in  F*    . 

In  the  experiment  just  mentionedt  it  i$  neceiaiaj  to 
use  a  moistened  fibre  as  the  connecting  medium»  and  thilt 
it  is  so,  is  proved  by  using  wire  instead  of  ^cotton ;  thefe 
is  no  change  whatever  in  the  colour  of  (be  infusion^  Aew*- 
ing  that  th^re  is. no  migratuxL 

If,  besidea  the  two  vessels^  other  intera\ediat€i  ppes  be 
employed,  the  deomposition  is  effected,  provided^t  of 
eouKS^  ootton  or  any  other  moist  body  be  use4  to  con- 
nect them.  Thus,  if  between  £  and  F  a  third  tube  be 
]daced,  all  of  them  filled  with  the  tinged  solution,  and  a 
piece  of  cotton  be  carried  fnHU  £  to  the  intermediate 
one,  and  another  from  it  to  F9  on  attaching  the  wirei^ 
the  decomposition  begins,  and  if  the  experiment  be  con- 
tinued for  some  time,  acid  is  collected  in  F,  and  alkaU  in 
£,  but  the  colour  of  the  intermediate  tube  is  not  chang*- 
ed.  In  this  instance,  the  whole  of  the  acid  from  £  must 
have  passed  through  the  intermediate  tube  into  F,  while 
the  alkali  from  F  must  have  gone  through  it  into  £ ;  and 
hence  it  is  that  there  is  no  change  in  the  colour  of  the 
infusion,  because  the  salt  in  £  and  F,  undergoing  decom- 
position at  the  same  time^  the  add  from  the  one^  apd  the 
alkali  from  the  other^  npeet  in  it  just  in  neutralising  pro* 
portions. 

There  is  still  another  very  remarkable  ebrcumstance  to 
be  noticed.  The  wires  of  the  battery  not  only  cause  ^ 
acid  and  alkali  to  migrate  from  one  part  to  anpth^ ;  but 
their  powers  of  attraction  are  so  strongs  that  th^  csp 
cause  them  to  pass  through  bodies  apparently  imper- 
meable  to  them.  Thus,  if  the  bottom  of  the  syphon  ▲ 
(p.  889«)  be  stuffed  with  cork,  or  with  tow,  so  tight  as 
to  present  a  perfect  barrier  to  the  transmiasicm  of  water, 
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are  soluble,  we  empjpy.  poe,.  the  base  of  which  is  insfdur 
bleu  or  iiearly.  so,  it  is  stopped  in  its  pasi^ge;  i^hrmgfi 
•B.  ;rbus», ;,l|^t  .i^>lutio^  of  sulphate  of  mf^g^e^  b^ 
put  into  C, .  iim  add  is  retained  in  it,  while  the  nuig- 
netia  flows  iiloDg  the  cotton  to  B,  but /ailing  to  Ae  bot- 
tom, gets  out  of  the  sphere  of  action,  and  remains  thc»ie. 
If  a  metallic  salt  be  employed,  the  phenomena  are. still 
more  remarkable.  Thus,  if  solution  of  nitrate  of  silver 
be  put  into  C,  the  acid  remains  in  it,  while  the  oxid 
flows  along  the  cotton ;  but  as  its  ingredients  are  easily 
separated,  it  is  decomposed,  the  oxigen  is  attracted  by 
the  positive « wire,  while  the  silver  is  deposited  in  its  me- 
tallic state,  and  gives  the  cotton  a  resplendent  surface. 

It  is  remarkable  also,  that  when  the  salts  are  under 
the  influence  of  galvanism,  their,  ingredients  are,  to  a  cer- 
tain extent,  deprived  of  some  of  their  properties.  Thus, 
if  a  saline  solution  be  put  into  A,  and  cabbage  infusion 
into  B  and  C,  the  acid,  as  it  passes  through  B  into  C, 
does  not  change  the  colour  of  the  former ;  or  if  the  al- 
kali be  made  to  migrate  by  putting  the  solution  into  C, 
on  flowing  through  B,  it.  does  not .  niake .  the  inf uaon 
green  ;  the  change  of  colour  is  not  efiected  till  they  reach 
their  places  of  destination. 

The  phenomena  may  be  still  farther  varied  ;  we  may 
have  the  appearance  of  acid  or  base  as  we  choose.  Thus, 
if  the  syphon  tube  A,  (p.  389.)  be  filled  witli  saline  solution 
tinged  blue,  and  the  positive  wire  be  put  into  R,  but  in- 
stead of  the  negative  into  G,  a  piece  of  moist  cotton  be 
employed,  the  decomposition  is  slowly  accomplished,  but 
the  colour  of  the  positive  limb  only  is  changed.  If,  on 
the  contrary,  the  negative  wire  be  put  into  6,  and  the 
cotton  into  R,  the  infusion  in  the  former  will  become 
green ;  but  there  is  no  change  in  the  latter.  A  circum- 
stance still  more  remarkable  has  also  been  .  noticed.  )f, 
instead  of  cotton,  our  own  body  be  used  as  the  conneot- 
ing  medium,  placing  the  finger  of  one  hand  into  the  tube, 
and  that  of  the  other  into  the  fluid  in  the  battery,  add 
or  alkali  will  shew  itself,  according  to  the  wire  we  em- 
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Dr  WoUatton  has  also  sfaewD,  that  by  immersing  wires 
from  the  conductors  of  a  machine  into  a  solatidh  of  sul- 
phate of  copper,  a  precipitate  was  collected  around  the 
negatiye  pole,  and  on  reversing  the  current  of  electricity, 
that  is,  making  the  negatiye  wire  positive,  and  the  posi- 
tive Amative,  the  precipitate  was  re-dissolved,  and  after- 
wards  iq^peared  round  the  other  wire.  For  the  success 
of  this  experiment  the  wires  must  be  coated  with  wax, 
except  at  the  point ;  or,  which  answers  still  better,  they 
may  be  included  in  glass  tubes,  but  so  as  to  leave  the 
extremities  projecting.  When,  also,  wires  thus  armed 
were  put  into  pure  water,  and  a  succession  of  sparks 
transmitted  through  it,  a  current  of  gas  arose,  owing  to 
the  decomposition  of  the  fluid. 

Sir  H.  Davy,  by  a  smiilar  adjustment,  obtained  ana- 
logous results.  On  passing  electric  sparks  from  the 
wires,  through  solution  of  suljAate  of  potassa,  the  whole 
of  the  acid  in  the  course  of  time  collected  around  the  po- 
sitive, and  the  whole  of  the  alkali  around  the  negative 
one. 

AUowing  that  dectricity  somI  galvanism  are  the  same, 
a  question  naturally  arises.  How  does  it  happen  that  they 
act  so  differently  ?  In  answer  to  this,  it  is  supposed,  that 
as  given  out  by  a  common  madiine,  or  by  a  battery,  it 
differs  with  respect  to  tntetmhf  and  quanfUy.  It  is  sup. 
posed,  that  when  evolved  by  the  former,  it  is  in  a  state  of 
high  intensity,  but  in  no  great  quantity,  whereas,  when 
given  out  by  the  latter,  the  quantity  is  great,  but  the 
intensity  low. 

As  the  intensity  of  the  electricity  from  the  madiine  is 
great,  its  velocity  is  supposed  also  to  be  more  rapid ;  and 
hence  it  is  that  it  passes  more  easily  through  air,  and 
other  no»>eenductors,  which,  when  excited  by  galvanic 
arrangements,  it  cannot  traverse  It  is-  in  this  way,  also, 
that  it  is  supposed  we  mi^  account  for  the  difference  in 
tike  effects  produced,  by  the  increase  of  the  deetridty, 
when  eiunted  by  these  means.  Thus,  if  a  certain  quan- 
tity from  a  battery  ignite  an  inch  of  wire,  double  the 
quantity  will  ignite  double  the  li  mgiliy  and  tbe  igni- 
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power  of  the  pile,  according-  to  the  nature  of  the  fluid, 
but  this, '  he  assert!^  is  owing  to  their  conducting  dif. 
ferently*  Water  conducts  slowly,  saline  solutions  more 
powerfully,  but  the  best  conductors  are  the  acids  ;  and 
hene)»'it  is,  aoeording  to  him,  that  when  they  arc  cm- 
ployed,  the  galvanic  action  is  most  energetic.  The 
vmriety  in  the  power  of  the  different  metals  in  exciting 
galvanism,  he  supposes,  is  owing  to  the  ease  with  which 
one  takes  it  from  another,  b^ing  in  some  cases  greater 
than  in  others.  Thus,  zinc  acquires  it  from  all  the  rest, 
while  gold  yields  it  to  any  other,  so  that,  were  the  bat- 
tery constructed  of  these,  it  would,  ceteris  paribus^  be 
more  powerful  than  when  made  of  any  others. 

The  other  explanation  ascribes  the  excitation  of  elec- 
tricity to  the  chemical  action  between  the  fiuid  and  the  ine- 
talsy  by  which  they  probably  suffer  a  diminution  in  capa- 
city. Thus,  suppose  the  trough  consisting  of  diluted 
acid,  with  a  plate  of  zinc  and  of  copper  on  each  side  of 
it,  the  fluid  in  the  first  compartment  acts  on  the  zinc, 
communicating  oxigen  to  it,  by  which  electricity  is 
evolved,  and  the  metal  thus  becomes  negative.  The 
electricity  taken  from  it,  passes  through  the  fluid  to  the 
next  plate,  which  is  copper,  and  on  which  there  is  little 
or  no  chemical  action  to  excite  electricity,  so  that  it  mere- 
ly receives  from  the  fluid,  that  taken  from  the  first,  and 
instantly  communicates  it  to  the  piece  on  its  opposite 
side.  The  same  is  supposed  to  go  on  in  each  succeeding 
compartment ;  the  quantity  of  electricity,  therefore,  in- 
creases as  it  proceeds  through  the  series  of  plates,  so  that 
the  lost  must  have  accumulated  in  it  all  that  taken 
from  the  others,  and  hence  it  is,  that  it  is  in  a  highly  po- 
sitive  condition,  while  the  opposite  end  is  proportionidly 
negative ;  the  greater  the  number  of  pairs,  therefore^  the 
greater  the  difference  between  the  different  extremities. 
(See  Wollastotfs  Papers,  Ph.  Tr.  1801.) 

Though  the  expltmation  of  Volta  at  first  sight  seems 
plausible,  yet  it  does  not  stand  the  test  of  experiment. 
It  has  been  proved  by  Davy  and  others,  that  the  greater 
the  chemical  action,  the  more  powerful  is  t  the  galva- 


899 

h  is,  ifaai  the  effects  are  to  a  oettain  extent  in  proportion 
toit. 

Taking  it  for  panted,  that  the  ohemical  action  13  the 
sole  cause  of  the  disengagement  of  electricity,  Dr  Boa* 
tock/ has  endeavoured  to  explain  the  mode  of  action,  and 
account  for  its  toansfer  from  one  end  of  the  battery  to  the 
other.  He  supposes  that  the  electric  fluid  has  an  attrao» 
tkm  for  hydtogen,  that  as  the  acid  acts  on  the  first  pUte 
€^  zinc,  Qxigen  is  given  off,  and  electricity  disengaged, 
whicl^  combining' with  the  hydrogen  also. set  free  at  the 
same  time,  is  carried  to  the  next  plate,  the  copper,  by 
which  they  are  separated  4  the  cc^per  seizing  the<electri. 
city,  disengages  the  hydrogen^  wshich  flies  off  in  the  state 
€^ga&  The  same  action  goes  cm  in.  the  second  cumt 
partment,  with  tUs  diffiarenee,  Ui«it  the  ekotridty  ^Ten 
out  \fj  the  second  ainc -plate  is, greater^  by  the  quantity 
which  it  reerived^oas .  the  first;. that  from  the  tUid 
gives  out  its  own,  and  that  got  from,  the  preceding  paii% 
so  diat,  as  already  mentioiied,  all  the  electricities  ace  ac- 
cumulated in  the  last  pieoe4  consequently  the  greater  the 
series,  the  greater  the  difference  between  the  opposite 
ends,  and  of  course  the  effects  more  powerful 

With  req>ect  to  the  manner  in  which  galvanism  acta 
in  effecting  decomposition,  and  causing  the  evolution  at 
different  bodies  at  the  different  wdres^  it.  has  been  al« 
reaify  mentioned,  that  substances^  byirmeie  ixmtactt  as- 
sumed opposite  electric  conditioBtt;  and  it  has  been  psomi 
by  the  >cxperiments  of  Dnvy  and  others,  that  by  touch- 
ing metak  mA  substaDoes  which  have  a  tendency,  to 
enter  into  amioDy  diey  acquieed  different  states  of  rekctrii 
city,  acoording  to  the  natnee  of  the  substance  woth  whidi 
Uiey  were  brought  in  contact.  Adds  conununioated  la 
the  metal  a  positive^  and  bases  a  negative  oonditioB,  by 
which,  of  course,  the  acids  themsdlves  became  negative^ 
and  the  base  positive.  Other  bodies,  it  was  found,  acted 
in  the  same  way ;  thus  oxigcn  is  itsdf  a^negative^  and  hy- 
drogen and  odser  inflammables  a  positive.  From  this. 
it  is  evident,  that  sdbetances  may  be  divided  into  two 
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ed  with  each  other.  Thus,  in  the  following-  table  t£ 
electro-positives,  each  body  would  give  electricity  to  wSj 
one  below  it ;  they  must  therefore  be  in  opposite  states 
with  respect  to  eadi  other,  ^ 

silver, 

copper, 

iron, 

lead, 

zinc 
It  is  from  this  circumstance  that  Davy  has  actualljr 
thrown  out  the  conjecture,  that  electric  and  chemical  at- 
traction may  depend  on  the  same  primary  cause.  <<  Elec- 
trical effects, 'V  hi  says,  *^  are  exhibited  by  the  same 
bodies  when  acting  as  masses,  which  produce  chemical 
phenomena  when  acting  by  their  particles.  It  is  not, 
therefore,  improbable,  that  the  primary  cause  of  both 
may  be  the  same,  and  that  the  same  arrangeibents  <^ 
matter,  or  the  same  attractive  powers  which  place  bodies 
in  the  relation  of  positive  and  negative,  i.  e.  which  render 
them  attractive  of  each  other  electrically,  and  capable  of 
communicating  attractive  powers  to  other  matter,  may 
likewise  render  their  particles  attractive,  and  enable  them 
to  combine  when  they  have  full  freedom  of  motion.^ 

It  has  been  already  mentioned,  that  the  effects  produced 
by  galvanic  batteries  differ  materially  according  to  the 
number  and  size  of  the  plates ;  a  different  law,  however, 
is  followed  in  each  case.  The  ignition  and  fusion  of  metals 
depend  on  their  size  ;  the  larger  the  plates,  the  greater 
is  the  length  of  wire  ignited.  Thus,  if  a  pair  of  a  foot 
square  be  used,  the  effect  is  considerable ;  but  if  these  be 
cut  so  as  to  make  plates  of  only  3  square  inches,  and 
constructed  into  a  battery,  the  action  on  the  wire  will  be 
trifling.  On  the  contrary,  the  power  ci  decomposing 
depends  on  the  number ;  the  plates,  when  ot  a  square 
foot,  produce  but  little  effect,  while  a  battery  made  of 
these  cut  into  smaller  pieces,  easily  decomposes  water 
and  compound  salts. 

This  is  supposed  to  be  owing  to  a  difference'  in  the 
intensify  and  guaniiiy  of  the  galvanism.     Thus,  in.  a 
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dectriqity  through  his  body.     In  many  respects  galvah 
nism  is  preferable  to  electricity.    The  apparatus  is  !«»• 
liable  to  injury ;  besides,  we  are  altogether  indejpendent  of 
the  state  c^  the  weather,  which  is  often  a  bar  to  the  use 
of  an  electric  machine. 

Some  interesting  experiments  have  been  lately  perform- . 
ed,  with  the  view  of  ascertaining  the  effects  of  galvanism 
in  calculous  complaints.  Urinary  calculi  are  various  in 
their  composition.  One  kind  is  composed  almost  entire* 
ly  of  a  peculiar  acid  called  uric,  while  others  cont^  the 
acids  and  earths  which  usually  exist  in  urine,  such  as 
pho^hate  of  lime^  phosphate  of  magnesia  and  ammonia^ 
and  oxalate  of  lime,  and  it  is  on  these  last  that  the  tiia|s 
have  been  made. 

Prevost  and  Dumas  (An.  de  Ch.  xxiii.)  found,  that  ■ 
when  a  phosphate  of  magnesia  and  ammonia  calculus  was 
subjected  to  the  action  of  a  galvanic  trough,  its  ingre- 
dients were  separated,  but  again  united,  and  fell  to  the 
bottom  of  the  vessel  in  the  state  of  powder ;  and  by  con* 
tinning  the  experimc^it  for  some  time,  the  calculus  bei 
came  so  soft  that  it  was  easily  broken.  Though  these . 
effects  were  produced,  it  naturally  occurred,  that  its  in- 
fluence on  the  bladder  would  be  too  powerful  to. admit 
its  application  to  a  calculus  in  it ;  but  in  this  thiey  were 
agreeably  disappointed,  the  wires  from  150  pair  of  plates, 
when  Introduced  through  a  eanula  iato  the  .bladder  of  a 
dog,  previously  disteiided  with  nifater,  not  occasioning 
the  sl%htest  apparent  uneasiness  ;  and  on  applying  'the 
wires  to  a  calculus,  it  was  found,  after  repeated  triidtji 
to  be  so  acted  on  that  it  was  easily  broken.  '  T  : 

Though  galvanism  has  thus  proved  of  infinite'  seivioi^ 
yet  it  is  detrimental  innaiiy  operaticBU.  '  .' 

When,  for  instance,  a  metal  is  put  into  a  solution  of  a 
s&lt,  there<may  be  no  action ;  but  if  there  bfe  two  metals, 
and  in  contact,  an  action  may  take  place,  by  which  one 
or  both  may  be  destroyed.  This  circumstance  was  no- 
ticed by  Fabrbni  6o  early  as  the  year  1799)  and  which 
he  ascribed  to^a  galvanic  action  produced  fay  the  knettfls. 
The  influence  of  metab  in  decomposing  salts,  tnay  be 
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jpoBper,  Tfit^  ft  piece  of  zinc  soldered  on  it,  did  not  suffer 
apj  change,  when  kept  in  a  ja.t  m  sei  *ittrf  r'ira'D^ 
putting  on  pieces  of  the  some  tne^I  (hi  "the  'bdppekr 
^h^Athing  of  chips,  after  long  layiig^  ihiij' VsrariiftH 
,^Jh  the  copper  very  little  corroded.  T!Tiotig!r'&p|Wr 
^can  thus  be  protected,  there  is  a  flangeKiif  (/kTOyiniMreT 
t^ipg  deposited  on  it,  froni  the  decoalJKwStroo  ttf'flffe 
f^th^  salts  in  the  water,  and  Anbrcung  a  iiretic^tik 
}^e  atlhesion  of  shells  and  weeds.'  .TtTiis,  hOwyvet-,"d6^ 
not  seem  to  be  the  case,  when  the'protec'toi^'ai'i  rf"tlWe 
j^ttper  NECf  ojuj  7Ffa^,the  vessel. IS  hi  motipiiV'  fiPiyfif^ 
Ij^batbour^  tjif!  copp^  »  apt  to  be  cot^t^ 'Mtlt'iUMi, 
1f^t  t^ese„fre  easiljr  rei^oved  |>efore  goiag  ioKS.'^  "Wnh 
Zj^peot  to  ^le  propoftigjn  of  tlie  p^otectlii^'m'^Tol^'  i^'IiIb- 
.Df^ijdSr  ia  a  gr^at  meiuurep,  on  the  size  of  itie  've^\^W& 
die  velocity  with  which  it  moves.  In  ihi  naijfi"tl6iHit 
|f^0.th  of  iron  or  zinc  baa  been  used.  This  j^'^Akr^i)^ 
U^^.tbm  is  aljsolutely  necessary  for  tbe pr6te£ti(iti''0r  the 
j^pppe^  * '  ^**f  ^.'*  ^*  ^°^  °^  *°  much  conse^uM^o^  'Milttiiti- 
^gi  t^^,  )]0t.toi^  df^, .  and  wWh  is  ijecuredfllT'UiVifa^ 
^e  protector  small.'  Id  other' vessda,  alwA't  l^SOtti^adS 
ejifa  1-lOOth  has  been  used,  and  which  is  pt^Haps,  1i!i 
f^  generftUty  of  leases,  about  the  requisite  Quantity. 
,.  The  p^tQtector  may  be  either  soldered  to  theotUiide  <it 
the  copper,  or  nails  of  iron  or  zinc  mav'be  diMveii'idtp 
tbe  sides  of  the  vqssel,  and  ibe  copper' Oien'putotiabbVe 
^h^,  taking  care  th^  it  Ts  lii  coiltkct' with'  tlttiq. '  In  st^ai^ 
^[fiqsiJs,  the  protectors  may  be  litt^^  liet^us^,  6wjif^'^ 
Jtfie  (^cknesB  with  which  they  move,  ther^  is'ho  tma^% 
(^it^^esion  of  weeds  and  sbeir£Btl,''ana' tbe'iiyi^'of  eopi 
per  U,thus  diminished  at  least  tWoi^mrdsi'(I%."')^.  tBSn, 

'^««-)       . .    .  ''[ :'''"S'rj'T:.:'" 

,  On  the  same  principle,  iron  inslrflmCbU  fin  prW(^ti!A 
ppra  being  rusted,  by  putting  smaU  jifi^ces  of  "ilifc'yA 
^rm,  which,  by  bringing  tliem  to  an  electro-n^gictH 
atnte,  prevents  the  iron  from  unitiDg  wiiti'^gai,''^^ 
then,  with  carbonic  acid.  '    .    '  ''''  ' '  "" 

,  The  influence  of  protectors  ia  1)eaufifutly  ittjlstii^^ 
'     ,  "i'  '•'"  ¥'*  '"■ 

!i.U:    .L-i-uA    jj|    ^tlLycii^UU    1     „0         l/JiiLu'..  ,-d  J6UUI  J( 
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whm6t  H'tetlvry^*  be |daoed  dfeiy»  it^  ndin  tteaiMiw 
fkindlet  Kne,  th^  pole  next  tiie  negaxiwe  md  ntcnaes  Ur  lb« 
i«i»f..  'If'theirfrebesunk,  so  as  to  coiM  in  theeram 
horitontal  phmeirith  the  magnet,  die  litter  deea^fM* 
nMi  t8*before ;  it  attempts  tomove  T^rtioattjr^^bitt  &«riD 
a' great  measure,  presented  by  the  manaevki  wUdh  ji  i» 
^spewded,  akid  by  the  earths  oduntieracliiig-fMgBetiff 
power,  the  iiidination  Tarying  necordingto  the nslative, 
position  i  the  pole  next  tt^hich  tlie  negative  rdbctrioity* 
enters  the  wire,  hdepttsied  when'the  wiveisontthe  wvestf 
and  aevaied  when  on  the  eagi  (ridei  If  tihe>wife  bti  4a9fT 
ned  still  farther  down,  so  as  to  bring  i^Mbn;  thia>i)fifdlei) 
the  pole  next  die  negative  end  of  the'tvoogfafmoinH  in  » 
oontrary 'direction  ;  It  is  jiropdied  to  the  eas^ -lor^r    «  orr 

*For  recolleeting  these  niovemeiits,' Oaiit0dha»g|y4^ 
the  following  formula :  ^  The  pole  above  whi^h>ithe  Wri 
goHve  electricity  ^enters,  is  turned  to  the  wet$;  %mder 
which  to  the  eastJ^ 

If  n  be  the  needle,  w  the  win,  idid  W,E  west  and  east, 
they  may  also  be  represented  thus,    -  i 

"^  =  W  *  =  JE 

n  w  •      .        ; 

These  eatperiments  prove  that  the  electricjty.of  the 
battery  inclines  the  needle  to  move  in  a  circle,  which  it 
would  do  but  for  its  imperfect  8uq>ension,  and  for  the 
earth,  the  magnetism  of  which  tends  to  restore  it  to  its 
original  portion,  the  moment  It  b^ns  to  tunu  If,  bow- 
ever,  these  intwfering  dreumstances  be  removed,  as 
when  the  needle  is  suspended,  so  as  to  ^iUdw.  £ree  molion 
in  all  directions,  and  the  earth^s  magnetism  is  •  c(Miniei>- 
acted  by  another  needle,  the  movements  becoiK  mose 
distinct;  and  that  there  is  this  tendency  to^move^ade- 
s^bed,  may  be  shewn  by  a  pMticular  adjustment  of  li\^ 
apparatus.  When,  tor  instance,  the  connecting  wiffe>  is 
brought  near  the  centre  of  a  properly  suspended  noe^. 
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*  By  iiht'conHedhtg  or  unitmg  vhe,  is  here  meant  one  pimlh^'tnm  tbe  dg« 
galife  to  the  poahiTt  end  of  a  trough 


^rffl^Tjwiijiiii'Htttoriari  Sfcelob  of  ]Skatak|f ^gnt^isa^^ 

V  jM«(AliqM|er]iar  •Iscr.slwwlv  diiatithe^jbaMfeEyiiCadf  ^igi^ 
tb&Mmeipipto€Xbi(iTertiieedle9^tifit]^  taMiig mimi^MU^ 

l|»rjie]^ilifbrT  tto  niioipttntjlliowxnrflry ihatdt  is  brokepyi  tkftk' 
€jffil0t  iteacbs^'^kkikdvtotheiSopixidtiiHi^It^  mik 

tMbret^ObcSjiootfif^ytfhsmif^  thelbaltery^^  b&LB^  cippoi) 
«itcsditQetjioii8  4a.thl[BtdkoBg  tUe;  wirei;faiidbli€^iiee'«bo(ditti 
Uitf  jcjda  jteedkyixeeQinttexKkd  by^  biottv/ai  (giafabiMniffif!^ 
Of  jpitoiiHwnt  ihBriBflicaitipg>thcj  dkeclipn  lof/^tfab  eUckitu 
cur/^ftiaul  tbt  povnr^dB  a  IJimghffcrteKhibltiag^d^irotfi 
nA^giMtc  e'pbesfiQtea^  ^^m/id&'Ckr  Qt^>  Wiixs^tf.  dMrc 
pc»F«t  hetngtMQQodki^  t(fat;ifae  jdbc^iiaticBi^(aBdltheidi]icd9f 
tioDurot  ibei'ifiursetit  ^^tofnrtaimJiribjfiithftrpostticmiiiaf^ 
nfiedle^  iWhicfa^  baaite  norih  fiole  dlwdji  %0{  they  left  ib&tbe  ( 
ciisiel|tbj!(i:9ihtdi  it  kbffoQted.  < :•  i'  f    .    ou  .i  ><{  dUK.d  io 
^rAaothlnrttery  impartant  liiremaBtancev  Hoiked  b|f  ^AmNr 
p0its,  Iwaa  )tht' attraction  aiwlfepulacm  of. vii;iBt>ooDt]^ 
2ilgjtib4ix>p|MMit0  <ii4p  of  Jibiiltecyi  '  WheD^'f<nrinftBn0c^j 
tw0  winHD^vierdiiuspmdcd^betweeB  ike  opposite^  pobs^4£] 
the^deotric  outrent  >pQMiig  aloDg.lhai  isJn  ^e.Mrme  dM  i 
reptknEfy  ia(olhia!)Woi*dvif  dioy  «*«  sinulB^JriittM^  initial 
regird^Ao.tlie  tDobg^,  tfaey  aAtsaot  eaek^odker;;  btttiitlbp)* 
cuirent^kia  dpposttQ  diMfctions^Llhat  ia^if  tfaeyfbeicotiis,. 
nested,  tlieit>ne  with,  the  cine,.' iiid  the  otbef  witJi>iKlfe 
otW poky' 'they  reppl.^aoh  Dthor.  .^Be^iiew  itbee^-fmii.f 
ccmiaaii  electric  a6tracftkiiaa0d*n^iitilM^(/t]Mm  i^ji^/r^' 
iiulidMble;diflerepee;t  in  fiact^  tbe^riare^fdik9o%icOi^j^,| 
ta^Bacb  oUier,  for  bodtef  ^nv^^t^hi^r^4f^0p^}^9m 

stroteJhi^der  lbe?fij^hiWMJ#  qC  «lflf*fift  ^*W^(4?^^^j?ffc, 
wheHUk^rourrents  aro  xnth^som^  wd^ffpri^feiVfibsj^; 
ax)^.iai9;fiojMi<^,dii^tk)n«^  .  .Fgr  wklbitiig  #fe«^«t«BlWnft 

f<MC  the  j^ucuon  o«  pQ9»fn<^)?^p|i^9Mif ffP^M  ftSi » 

l^e .  diteovery  of  Ibese  im^Kirtinit  £i|otj^,ipi|Uwf^Jed 
to  the  idea,  that  the  battery,  in  other  words,  that  elec- 
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mnoUmsj  kas'-aloa  bean  piOTed  by  Dayy> « who  lUfioeecM 
JbAmaiiigfiecdles^  bypbeing  b«rt  of  ttlBd  lusrosatlie 
iMri^tiuKNi^lAiidb  t]i6  duurg^  wai  tianimllfdf  and  die 
tflbot  WM  pradoced  libougb  a  8{]aoe  of  n^eifal^iBchofr  it»> 
feilreoed^  ;aiid  ewtt*  ti^u^  ^esaela  with  watelv  or  plateit 
of  mclBlbrglaais  ^cvfiinterpooed.  .1 

Tbdugfa^  from  what  has*  barn  Mid,  it  may  appear  that 
the 'flffeqta  of  the  eoaneGttngviie  of  «» battery  ov^  H 
mt^gaet,  are  occanoned  by  tm  attvactioo  ov  rc{>ul6k»  ca^ 
istiog  between  them,  Mr  Paraday  haS)  proye^  ihat  th^ 
depend  on  a  tendency  which  they  have  to  revolve  jroufid 
eadb  otbeh  AccottQng  to  hitfii  th^  centre  of  magnetic 
^tmiy  or  ime  polo  of  ^a  needle,  js^  not  at  Its  extresflitjb 
bat  ia  its  axis  aft  a  little  distance  £rom  it  ;«adlfaia  point 
baa  a  tendency*  to  move  roimd  thoOTre^  attd  the  wiie 
tound  the  point ;  and  as  the  same  effects,  but  iti  an  oppCe 
site  direction,  arc  produced  by  the  other  pole, .  be  sup^ 
poses  that  isach  has  the  power  -of  acting  on  the  wife  by 
itself^  and  aoc<»'dingly  the  attractions  and  repulsions  are 
mtrdy  parts  of  dbe- revolving  motion.  '» 

For  exhibiting  these  .rotatory  nmvementsj  he  has  eoi^ 
trived  different  very  ingenious  sets  of  i^panitus,  the  sim^ 
plest  of  which  is  that  ia  the  annexed  out  It  consists  of 
a  glass  tube,  into  the  open  ends  of  which  there  are  placed 
corks,  A  B  ;  a  magnet  C%H»  passed  through  B^  4^*  ' 
and  into  the  tube  a  little  mercury  G,  is  pour* 
ed,  so  as  to  leave  the  uppef  end  of  the  mag- 
net  exposed.  Through  the  cork  A,  there 
is  passed  a  wire  D,  with  a  hook  at  its  lower 
extremity,  from  which  there  is  suspended  a  cop* 
per  wire  £,  amalgamated  at  both  ends^  to  give: 
more  perfect  contacts  and  the  lower  cmet  dipping 
into  the  fluid  beneath.  When  this  apparatus 
is  viadq  part  of  the  chain  of  communication  of 
a  galvanic  trough,  by  connecting  the  magnet 
wHh  one  end,  and  the  wire  O  with  the  otherj 
the. copper  wire  £  instantly  begins  to  move 
round  the  magnetic  pole,  and  continues  to  do 
so  as  long  a^  the  communication  is  kept  up. 


stsaafss&MAmwvtBUL 
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■  tM^et^,  eDtbat'tfaM««b«ll'be  W  dirrent'ofn^ectndty 
thrMgh  tke  mercury  Atui  file  UON  bar  on  ths{lUlBiv<tb« 
itasghet  9,"Bndiltli6wirfifCrtjbeg)iind<iiifwe,wdiiliithddi« 
MAtnwiSRif^llnaitwdi'-''  '(<'  .'  'i."  ^h  nu- (,'.>;,(,  '^.ir 
'^  fPlwWvUatiait'tff  tbc  irin  rcMnd  a  nngsetj  is  veB  He 

whi#b^^ptMBeues  lb*  advantage  vf  coDUiningL'  the  tnRi^ 
by  'irMch  the  electric  cmntat  is  piodaccd.  Withailigbi 
BiOdlfiCBtioti  eaggalUA-  hy  Mr  Bnlow,  the  >  movoneDta. 
VMOwb'  itooM'  ocaapletai  it  consiits  of)  m-  triHigb  AA^ 
formed  of  two  cylinders  of  very  thin  copper,  about  3  inohM 
In  depA,  tb»oiitsrbiiei«bontil^  <aD4''<)ie')ifmBffiabbiJt!l} 
inelMi  i»':diwM4er,  joined  fa^Awiiby  a 'Cop^rilMttcm'' 
^wliatei' cylinder  liaa  s  coppcrinre  BB,,fixAdi4«iit|  m 
diat  k  oitaibe  suspended  oa  amagnetiC^-ffiDoh'pBsaefrap 
itiithin  it;-  the  tuspeniioa'  being  by  means 
of  B  fine  pointed  wire,  from  the  bent  part 
Dl'  -into  tbe'trough  U  placed  a  cylinder 
tst'Aitit  zii>e,'i^hiib'  llBs'alsD  a  wire  passing 
frdt^ttmiUMe'tO'AB ether- BE,  and  au»- 
pttdediby^  pt^fod -Vhc  passing  down 
from>.tbe  bentLpart 'F^  -  aad  placed  in  a, 
small  cu|j  contaiiing  a  g^bule  of  mercury, 
6xed  to  \ihe  u^per  part  of  the  bent  wire 
£  J^  of  'the  trough.  Wbcn  the  trougfa  is 
filled  with  dilut^  addvaail  the  apparatus 
suspended;  on  a  Jtownftd' magnet,  the  zinc 
plate  revdllves  in  otie  direction,  and  tiie  cop- 
p^  ^l^gP  in  anothfer,  the  direction  varying  ( 
acot^ing'to  the^  pcde-on: which  they  are 
mifpunHfljIi  Wbenicn  the  ttorth^  the rxibc  icvpLvetin  tha 
stoe«Ui«otiea-M~£hehBadle8jof'  a vtatdi,  iyingipB  tli» 
table  with  tbe  dial  upi  'wUtetbc  trougfa  morfls  Miuad  iM 
tii«iajBpodte  ODc;  '  If 'theappaiaturibe  sutpendedondMi 
aantlr  pole,  the  ^c  turns  in  the>  revene  divaot^oa,  wbilft 
tiifctrAi^li  goea'in  tbesaaibaDewith'lJia^HDdki.  '  l  ti 
nA/rtrysimplB  appa(atw,.w)thiD  the-«ao)t  of  etei^caim 
hiv  beeadB«nbed>l^  De  k  BivQ  (Bib.  UnifvetB. <Mar(J» 
lan^)'  4nr  riiawlag  tfitf^wBc.of  .magaets  otev  gahraak 
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PART  VI. 


ANALYTICAL  CHEMISTRY. 


Xt  is  not  my  iotention  to  enter  minutely  into  this  depart- 
ment of  the  science ;  indeed,  this  would  be  altogether  fo- 
reign to  an  elementary  work.  I  intend  to  offer  a  few  re- 
marks on  those  subjects  of  general  interest,  such  as  mi- 
neral waters,  detection  of  poisons,  and  the  assay  of  some 
bodies  much  employed  in  the  arts. 

Mineral  Waters. 

Waters  vary  in  purity,  according  to  the  source  from 
which  they  are  derived,  and  heace  they  have  been  di- 
vided into  different  classes,  as  rain,  snow,  or  hail  water, 
spring  and  river  water,  well  water,  and  the  water  of  lakes 
and  ponds. 

Hain  tpater  is  by  far  the  purest,  particularly  if  col- 
lected at  a  distance  from  town,  and  some  time  after 
the  shower  has  commenced.  In  winter,  also,  it  is  freer 
from  foreign  ingredients  than  in  summer,  as  there  are 
then  fewer  impurities  floating  in  the  atmosphere.  The 
substances  found  in  it,  are  common  air,  carbonic  acid, 
and  a  minute  quantity  of  super-carbonate,  and  muriate 
of  lime ;  and  Bergman  states,  that  he  has  detected  nitric 
acid,  formed  prdiably  by  the  union  of  the  ingredients  of 
the  atmosphere. 
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MINERAL  W. 


Wdi  water  is  the  rain  which  hi 
and  is  collected  in  pits  dug  for  tl: 
pure  as  the  preceding,  as  it  in  g) 
ragn  matter  from  the  soil  throv 
In  addition  to  the  substances  aln 
tains  sulphate  of  lime,  and  iiiatt 
whidi  communicate  Aonfnew,  or 
solving  soap,  (see  p.  181.) 

Spring  and  river  water  is  idao 
netrated  the  earthy  and  strong  si 
finding  an  issue  in  some  less  eleri 
produces  running  waters,  varyinj 
their  situation.  During  its  pasi 
it  libdergoes  the  process  of  filtral 
and  traniiparent ;  but  it  is  not  pu 
Terses  beds  df  soluble  matter,  on 
It  accordingly  contains  atmospht 
carbonates  and  muriates  of  sbda  i 
'  The  wOier  ^  lakes  and  pmdi  i 
after  penetrating  the  earth,  has  i 
on  its  surface.  It  contains  the  si 
others,  along  with  vegetable  and 
has  undergone  putrefaction. 

The  ftiatfr  ofmarthet  is  still  bh 
cent  animal  and  vegetable  remain 
Spring  waters  are  often  impreg 
of  foreign  matter,  that  imparts  pec 
case  they  ore  called  mineral  wiUei 
Mineral  waters  occur  in  varioi 
differing  in  their  ingredients  ace 
over  which  they  have  flowed ;  but 
vary  in  temperature,  for  tfaoagh  n 
the  same  as  that  of  the  surroundinj 
casi<Hially  above  it,  and  in  some  n 
reach  that  of  ebullition. 

Though  the  attention  of  man 
these  waters,  particulariy  ais  a  cu 
not  till  about  the  end  of  the  17th 
cal  investigation  of  them  was  unc 


H)cph9l ^.%  mews  of  .sq)^A^Pg  tbei»  fr9^^,i^i v^f>^ 

soluble  in  ¥^ater9  are  kept  dis^}y^^jt];ie^iD94!^  Sfii^ffP''' 
IjW^^^^  «J^^*%  4rapi*^3*^^^  .a<4Awo  ,$xce]UgnJ  .tF^ises 
W-thero  pubUihe4,j9nfein  31.737  byi.J^Tgiwnff^;%^,Qtl^^ 
4q,18Qp  hy  Kirwap  ;  and  mox^  l^f^ljr  Pc  ||^Hray^,.wh9 
,^\a4  ;»dva^ced  a  ney  vlew.Aif jih  r^jesfifct  *o  t^u:  j^ippiftftitUj- 
ti9%,baf.  proposed  ^  m^tlwd^yf  ^mlj^i^,  ir^u|ph  j^p  «ii\- 
pl^  a^4^pp^ently  more  Gprr^ctj^  t)iwthpp^i:^,prec^a|; 

.  The  examination  of  miner^  ^^ters,  j«  pn^  ^^  tbe  most 
4i^ult  pursuits  of  a  chejDiist..  JLt  .requires  an  ^ntimate 
knowledge  of  the  action  pf  bodiea  on  eft(^  p^er^^ap^  ^he 
uMoo;^  nicety  in  the  manipulation^  .Uie-quantity^of  mat- 
ter, pn.  which  he  bus  to  pperate,  being  sp  .small* ^  This 
apfdy^is  may  be  dividedJoto  twg  parts :  l^jijthe  inyesti7 
ga^iQP  of  the  physical  qi^lities^  ifithan^a^cpiiDt  of  tbe 
surrounding  objects ;  and  Zdj,  the  chemical  examination 
^  as  to  ascertain  the  component  parts*  ^  t 

Before  proceeding  to  the  performance  of  ^y  experi- 
ments, it  is  necessary  to  ascertain  the  source  from  whicb'the 
water  is  (^rived,  the  nature  of  thc^sylbst^mc^spyer  wbich 
it  has  passed,  and  of  the  soil  where  it  has  its^exit*.  We 
must^ttend  alsp  to  any  matter  that  may  be  deposited^  jsnd 
the  taste,  odour,  cqlour,  and  temperature  ^bpul4  he  no- 
^ced  j  the  quantify  dischargee^,  also  in^a  givei^  tiaxj^^  an^ 
the  rapidity  >ritb  iprhich  it  runs,  sbQuld  l]|e  pbserye<df 
T.his  exapc^uatioq  ought  tp  Ij^econdvicted  ai,.aii^r;^  s^^. 
8qiv»|  both  biefore  aa4  fStef^jafJix,  as  it  ^  lj4;|dy  jtfaat  ilj^ 
quantity  of  fluid,  and  of  course  also  its  proper^ea»  maj 
vary  afxording  to  the  state  of  the  weather.  .  l^lbe  knfnr- 
Ij^dg^  ^bus  derived,  may  lead  us  in  some  respects,  to  the 
nature  of  the  water  ;  thus,  the  smell  will  at  oqce  infbn^ 
us ^wbetli^eq, sulphuretted  bytjbrogen  is  prf|se]^t^,ittstiMte 
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it.  Carbonates  of  magnesia  and  of  iron  also  frequently 
occur,  held  dissolved  by  excess  of  acid.  Tlie  most  oom- 
mon  of  the  sulphates  are  those  of  soda,  lime,  aad  mag- 
nesia ;  and  of  the  muriates,  that  of  soda  is  by  far  the  mo^ 
generally  met  with ;  indeed,  it  nay  be  said  to  exist  in  all 
waters.  Hydriodates  have  been  found  in  some  of  the  waters 
of  Germany,  and  in  that  of  Bonnington,  netr  Edinburgh. 

Besides  the  gaseous  and  saline  substances  above  enu^ 
merated,  aninud  and  Vigetable  maHer$  are  occAsionally 
observed,  but  these  are  probably  to  be  considered  acci* 
dental. 

Owing  to  a  difference  in  the  proportion  of  the  above 
ingredients,  waters  have  been  divided  into  classes,  as  the 
acidulous,  sulphureous,  chalybeate,  and  saline. 

Acidulous  waUr$  are  those  that  contain  free  acid,  and 
are  easily  distinguished  by  their  taste.  Along  with  car- 
bonic acid,  they  almost  si  ways  contain  muriate  of  soda 
and  earthy  carbonates,  but  it  is  the  free  acid  that  gives 
them  their  peculiar  qualities.  The  waters  of  Seltzer, 
Spa,  Pyrmont,  Pouges,  and  Carlsbad)  belong  to  this 
class. 

Sulphureous  waters  are  those  having  sulphuretted  hy- 
drogen, and  are  known  by  their  smell.  It  is  sometimes 
in  a  state  of  combination,  but  most  frequently  uncom- 
bincd.  The  most  noted  of  the  waters  of  this  class  are 
those  of  Aix-la-Chi^lIe,  Cheltenham,  Harrogate,  MoC* 
fat,  and  Lemington. 

Chalybeate  xoaiers  contain  iron,  and  are  also  in  gene- 
ral  known  by  their  taste.  The  iron  is  usually  held  in 
solution  by  carbonic  acid,  which  is  sometimes  in  such 
excess  as  to  communicate  acid  properties,  forming  a  sub- 
division called  acidulous  chalybeate.  The  waters  of  Tun- 
bridge,  Brighton,  Harrogate,  CbelteohMn,  Teplita,  Le* 
mington  Priors,  are  of  this  class. 

Scdine  waters  contain  the  saline  ingredients  already 
mentioned,  as  existing  iti  mineral  waters,  in  general,  with 
the  exception  of  free  carbonic,  sulphuretted  hydrogen« 
and  iron.  Of  course  their  properties  depend  on  the  na- 
ture and  quantity  oi  the  matter  in  solution.     As  instan- 
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reetiM  t>f '  <lhe  ifind.-    When  froi^  Ihe  wesly  it  is  4ibout 
ddtiblfcdi. '''•"■»'-f"^-      I-  ■ '•  M.  •  .:  .-    * 

'Th0^Ucier4f^ih^DeadSetk  akcy  difiReff s .  jQrom  that  of 
the  oceioi^ '  i4i)cording  to  Maroet»  it  haSiSot  leM.  than 
S4.fr  t^  t^nlv  of  soluble  wMM^t^  100  parts  coniialiiig  of 
'    '      *  muriate  of  lime^''    v     .«         3*920 
^     muriate  o^magnesia^    -        10«94iG 
''.'  sulphate  of  lime^i  it    -  .  -    /<.054        . 
muriate  of  ^od%  -^    .  .10.860 

^  '        '    iviater,  .    -        76#480 

'   The  water  of  the  River  Jordan^  Maroet  found  to  be  of 
ihe'^iblie  cottt>oiitioD«  ;  (Ph.  Tr«  18e7>> «/  . . ; 


''■.'••         h*; .       t.       -t'i  .  I'    '     .  t    f*. 
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To  ascertain  the  nature  of  the  gaaeous.  fluiids,  #/ retort 
must  1>fe '^lled  i^ith  the  wkter,  and  the  mouth  ^  it  (made 
to  terminate  ^Uder  a  jar  of  mercury  standing.  pn^H  mer- 
curiitf  troughs '  On  die  Application  of  heat»  th^  water 
giveft  off^ts  elastic  in^r^ents,  the  whole  oC.whic^  is  ex- 
pelled hy  continuing  the  ebullition  for  about  ten  minutes^ 
and  is  coUecti^  in  the  jaf.  It  may  contain  oxigfiOf  ni- 
trogen,nc8rbome  acid,- sulphuretted  and  carburetted  hy- 
drd^it^'  ind  toill^buroui  AM ;  the  two  last,  however,  very 
rardy;  more  es|>e€ially.the  aulpl^fvous.a^id^  whlc^.lKsciurs 
only- in  volcanic  countnes.  Though  these  diffppcentgase9 
have  been  mentioned  as  existing  in  mioenal  waters,  it  must 
not  be  supposed  that  they  are  alilo  be  met  wUh  in  lany 
htaJtanee,  ^or  sound  of  them'dec#mpose\ea^h.  %ther  ^  thus, 
if  oxigen  has  besu  detected^  utra  Aosd  jtiot.  look  /or  u4phu- 
retted  hydrogen.'  •'     i>.     .  m    .  ,.,    , 

Oaigen.  The  presence  of  this^gas  ift  title,  elastic  fluid 
toUected  in  the  jar,  is  indUeatal  by  the  latrpduetjji|9li,of  a 
few  bubbles  of  nitric  oxid,  by  whisk  Dsd  funics  gfi^jy^pus 
acid  are  produced,  (vol.  i.  p.  SI 6.)  m  i    -i   * 

Stdphureiied  Hj/droffenki  By  tbe  immerNonb  9f  ^  pi^^ 
of  paper  soaked  in  sugar  of  lead,  or  by  throifyig  ^up  a 
fittle  of  the  solution,  the  black  sulphuret  is  instantly 
formed,  provided  this  gas  is  present,  (p.  8S.)    Instead 
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by  the  addition  of  solution  of  acetate  of  lead,  by  which 
a  white  carbonate  is  deposited ;  but  as  lead  is  thrown 
down  by  other  substances,  it  is  necessary  to  try  the  effect 
of  nitric  acid  on  the  precipitate.  All  carbonates  are  de- 
composed by  nitric  acid ;  and  as  nitrates  are  soluble,  it 
is  generally  said  that  a  precipitate,  .if  a  carbonate,  is  so- 
luble in  nitric  acid,  (properly  speaking,  it  disappears  on 
its  addition.)  To  try,  then,  if  the  precipitate  by  acetate 
of  lead  is  carbonate,  add  a  few  drops  of  pure  nitric  acid*. 
If  it  is  so,  it  will  disappear.  If  it  does  not  disappear,  it 
is  not  a  carbonate. 

Sulphuretted  Hydrogen  is  easily  detected  by  acetate  of 
lead,  which  throws  down  a  dark-coloured  precipitate,  a 
sulphuret.  Other  metallic  salts,  as  those  of  silver  and 
mercury,  are  also  similarly  affected,  but  that  of  lead  is 
the  most  delicate ;  besides,  by  its  use  both  carbonic  acid 
and  sulphuretted  hydrogen  may  be  indicated  at  the  same 
time.  If,  for  instance,  a  drop  of  the  solution  be  put 
into  a  fluid  containing  both,  a  white  precipitate  appears, 
but  which  almost  instantly  becomes  black.  In  cases  of 
this  kind,  when  the  quantity  of  matter  in  solution  is  very 
small,  by  far  the  best  method  of  using  the  test  is,  to  al- 
low a  drop  of  it  to  fall  into  the  fluid  from  the  end  of  a 
rod,  as  by  this  means  streaks  appear,  and  are  easily  ob- 
served by  their  being  surrounded  by  a  transparent  fluid. 

Nitric  Acid,  Though  there  is  no  direct  test  of  this 
acid,  a  very  ingenious  method  of  detecting  it  has  been 
proposed  by  WoUaston,  founded  on  the  solubility  of 
gold  in  aqua  regia,  (p.  81.)  Having  concentrated  the 
water  by  evaporation,  a  few  drops  of  sulphuric  acid  are 
added,  along  with  a  grain  or  two  of  sea  salt,  unless  a 
muriate  exists  in  the  water,  in  which  case  there  is  no 
necessity  for  it ;  a  small  piece  of  gold  leaf  is  then  put 
in,  and  the  fluid  boiled ;  if  the  water  contain  nitric  acid. 


*  In  lifting  nitric  add  in  thli  and  in  the  other  triab  to  be  mentioned, 
care  most  be  taken  that  it  be  free  from  aulphniio  and  muriatic  addf, 
which,  owing  to  the  mode  of  preparing  it,  it  if  likely  to  oontain.  For 
th»  method  of  parifying  it,  lee  toL  i.  p.  999. 
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tinguished  from  soda  by  tartaric  acid,  whi«h  forms  a  spalL 
ringly  soluble  salt  with  the  former;  but  with  the  latter, 
one  easily  dissolyed.  Before  using  lihe  test,  therefore^  it 
is  necessary  to  concentrate  the  water  by  evaporation ;  if, 
on  adding  the  acid,  a  precipitate  appears,  potassa  is  pre- 
sent ;  if  none  is  formed,  the  effect  on  the  colour  must 
have  been  produced  by  soda.  When  the  potassa  is  in 
very  small  quantity,  it  requires  the  fluid  to  be  well  stir- 
red with  a  wooden  rod,  in  which  case  the  only  indication 
of  its  presence  is  a  white  streak  where  the  rod  is  rubbed 
on  the  glass. 

This  test  may  also  be  used  though  the  alkali  is  in  a 
state  of  combination  ;  it  is  liable,  however,  to  be  affected 
by  salts  of  lime ;  so  that  if  it  is  present,  it  must  be  re- 
moved.    (See  Test  of  Lime.) 

Soda,  There  is  no  direct  test  for  soda  when  in  union. 
The  only  method  of  ascertaining  its  presence,  is  procur- 
ing the  saline  matter  in  crystals,  by  evaporation,  and  se- 
parating those  of  different  forms.  Should  prismatic  ones 
be  obtained,  in  which  we  can  indicate  sulphuric,  or  cubi- 
cal ones,  in  which  we  find  muriatic  acid,  but  cannot 
detect  any  base  in  either,  we  may  consider  the  former 
to  be  sulphate,  and  the  latter  muriate  of  soda. 

Ammonia.  When  ammonia  is  in  combitiation,  it  is 
easily  detected  by  evaporating  some  of  tfat  water  to  dry*. 
ness,  mixing  the  residue  with  its  own  btilk  of  slaked 
lime,  and  applying  heat.  If  present,  it  will  oome  off,  and 
can  be  known  by  its  odour ;  or  if  not  in  sufficient  quan- 
tity for  this,  by  holding  a  rod  dipt  in  muriatic  acid  over 
it,  by  which  the  white  vapour  of  muriate  of  ammonia 
will  appear. 

Lime.  Oxalic  acid  is  by  far  the  most  delicate  test  of 
this  earth,  but  it  is  better  to  use  it  in  a  state  of  combina- 
tion. When  oxalate  of  ammonia  is  added  to  a  water 
containing  lime  in  any  state  of  union,  a  white  precipitate 
appears.  It  is  necessary,  however,  if  a  free  fixed  add 
be  present,  to  neutralize  it  by  ammonia,  because  oxalate 
of  lime  is  soluble  in  acids.  Ammonia  is  preferred  to  the 
other  alkalies,  or  to  any  of  the  carbonates,  because  it  does 
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Silica  is  a  very  rare  ingredient,  and  when  it  does  ex^ 
ist,  it  is  in  very  minute  quantity.  The  best  mode  of  de- 
tecting it  is  to  evaporate  the  fluid  to  dryness,  treat  the  re- 
sidue with  diluted  muriatic  acid,  by  which  the  salts  and 
iron»  if  present,  will  be  dissolved.  If  after  this  there  is 
any  residue  which  is  not  destructible  by  heat,  it  may  be 
considered  silica ;  but  to  prove  that  it  is  so,  let  it  be  fused 
with  potassa,  and  it  will  form  a  ccMnpound  soluble  in 
water,  and  from  the  solution  of  which  acids  will  throw 
down  a  white  precipitate. 

Iron. — The  tests  usually  employed  for  detecting  iron, 
are  ferro-cyaaate  of  potass,  and  infusion  of  galls,  the  for* 
mer  of  which  gives  a  blue,  and  the  latter  a  black  preci- 
pitate ;  but  the  mode  of  applying  them  requires  to  be 
varied  according  to  its  state  of  combination,  and  the  other 
substances  present.  When  the  water  contains  sulphate, 
all  that  is  necessary  is  to  add  the  test,  unless  a  free  acid 
has  been  previously  detected  ;  in  which  case,  when  the 
tannin  infusion  is  used,  it  is  necessary  to  neutralize  it, 
because  the  tannuret  of  iron  is  soluble  in  acids.  As, 
however,  the  quantity  of  iron  is  in  general  small,  should 
a  slight  excess  of  alkali  be  added,  the  whole  of  it  may 
be  precipitated,  and  thus  prevent  the  action  of  the  test, 
it  is  better  first  to  put  in  the  galls,  and-  then  the  alkali, 
suppose  carbonate  of  ammonia,  by  which,  if  iron  is  pre- 
sent, the  dark  colour  will  instantly  appear.  In  this  case 
the  precipitate  is  not  exactly  of  the  same  colour  as  when 
the  tannin  unites  directly  witli  the  iron  ;  it  has  a  purple 
tinge,  the  alkali  somehow  or  other  acting  on  it.  With  re- 
spect to  the  ferro-cyanate,  as  it  requires  the  iron  to  be  in 
its  maximum  state  of  oxidation,  should  the  blue  tinge 
not  appear  when  it  is  added,  it  is  necessary  to  leave  the 
fluid  exposed  to  the  air  for  a  few  hours,  to  allow  the  me^ 
tal,  if  not  in  this  state,  to  absorb  oxigen  *. 

Iron  very  frequently  exists  in  waters  as  a  super-carbo- 

*  In  using  this  test,  we  roust  take  care  that  it  docs  not  concain  excess  of 
iron,  which  ii  is  apt  to  do.  This  is  koowo  by  the  additioo  of  a  drop  or  two 
of  add  to  its  sohition  ;  if  pure,  it  does  not  alter  its  appearance  ;  if  impure,  it 
becomes  blut. 


flmtbcantiiiiung,  aulMti(flcw)ij),^Jbic^  t^j;  wiljl  bf  ^i^rec*. 
pitat«U;.|iir9r„thiftpucp9a^  )ljty4pg,p^;^;  cer|^n  quj^L- 
ty  of  the  water  into  a  retort  with  its  neclt  bent  at  ngHt 
aiig|[e!^.,^liea  -the  p^x>portiqn  of  carbonic  acid  is  to  be 
found/lie'inobtfrof  it '{B'plaOetf1tf'i"t(bitK '4ft^^ 
barytic  water,  excluding  as  iavihh  as  possible  the  atinoi* 
J]llfllieiftir>,wd  heat  applied  so  as  to  cause  it  to  boil..  By 
contiDiWg  tbc  ebullitiou  for  some  minutos,  the  wIioW  of 
the  ^^  18.  exp^lk'd,  and  by  collecting  a;i(I  vri^igliing  the 
carbovate  jficBimed,  the  weight,  and  consequently  the  vo- 
lume.of  c^bonic  acid  gas,  is  ascertained.  In  the  same 
way,  hy  plotting  the  mouth  of  the  retort  into  acetate  of 
lead,  A|id. twiUngi  sulphuret  of  lead  is  departed  ;  so  that 
by  w«igiuQg,ity  the  \o!ume  of  sulphuretLcd  hydrogen  is 
lpund..j,ilDith0  former  instance,  100  grains  of  carbonate 
of  baryta  are  equal  to  47-5  cubic  inches  of  carbonic  acid; 
and  in.the  Utter  100  graios  of  snlpb^iret  are  equal  to  3S.5 
cubic  inches  of  sulphuretted  hydrogen  ". 

_*,_  .L 1 ^ !._».-  ■. J  -autior- 


.  vateB-tbfl  r^»i4ue  ii^^9,^a,fpaU^.,g|f^  vessel'" «m,B»«i. 
evaporate,  after  rwibich  th^  sfJine  matbx  must  be  Kepi « 
a  teI)lp«rat^r(;  a,lit^e  {ij|x)^e^^l^,.^  as'td,  ex^r'uie 
wholo.of  the  moistuip.  VVl^ti  d^FV,  it  QXfst  be  Bcjjaped 
off  carefully  and  ireigbed*  oi^by.^eiglmig  tb^  vessel  De> 
fore  md,  after  the  fvapforatiop,  the  a^jtiOTaT  wt^gln  wtU 
give  that,qC^e  sa^iif^^Dgredietft^l  r        ,,,,7.      ■■ 

With  tifi  pww  q^^fin^mff  .'^^  f^o^ortjmu  of'  iiie.^B'e. 

—  '''  .''■:  ■"■'■■'■.:■  Ji':"':,;; „, 

of  CMboDKMid  wgi^4M,frall^i.  HChft.     ,        .     ,  ')     I     I     - 

too  of  (olphurM  of  Imi  conUia  tls  'of  ti^Uor/ '  Wit)J&lUM«l  ttfOAim 

SO:  1.86n.JM»8|H  ,  i  ,  ,,  ,  J.  ^,1, 
100  oi>bi«  tifc^ff  ji^pliiif^^  hriropn  WBg*M.B,  .,     , 

,      ^^        ,      ,«ndpS».9i  10Q::^S.tel!iW.i  '"^^'^ 
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Tent  adds  and  bases,  a  certain 
being  takeOf  nitrate  <tf  baryta  is  1 
wbicb  carbonate,  or  sulphate  of  bai 
will  be  thrown  down.  By  weighin 
afterwards  washing  it  with  muri 
weighing  it,  the  quantity  of  carbo 
be  discovered,  by  deducting  fro 
original  precipitate,  the  loss  occa 
with  acid.  The  loss  is  carbonate, 
of  baryta ;  100  grs.  of  the  former, 
of  carbonic  acid,  (vol.  i.  p.  474.) 
88.89  of  sulphuric  acid  *,  (vol.  i.  |: 

To  the  filtered  fluid,  nitrate  of  i 
muriatic  acid  is  deposited.  100  { 
tate,  when  dried,  indicate  19-1  of  i 

To  another  similar  portion  of  i 
ammonia,  and  oxalate  of  Itnw  falls 
dried  cautiously,  will  indicate  the 
grains  being  equal  to  4S.75,  (p.  ii 

*  Id  forming  and  wrigtuag  the  predpiiuai 
cMtary.  In  the  Em  place,  cue  muit  be  Uk 
(tance  ceited  for  I*  thrown  down.  Thii  Ii  do 
M  long  u  It  leem*  to  occuion  predfitBtlim ; 
It,  to  remkin  at  raw  for  lome  time;  and  whttn 
the  lurface,  take  out  a  drop  on  the  end  of  a  | 
thh  on  a  plate  of  gtasi,  touch  it  with  a  drop 
fomied,  more  of  the  teit  muiI  be  add«d  to  th 
prooeu  mute  be  repeated,  till  the  drop  rttam 
«n  the  addttioi\  of  the  teat.  Thii  precaution 
«r  all  the  ingiedienu.  Different  metbodi  at 
predpital««,  so  af  to  weigh  them.  B^  fi 
allow  the  powder  to  fall  to  the  bottotn  of  A 
natant  fluid,  throw  In  digtlUed  water,  again  ■ 
and  in  this  way  repeat  the  procesi  till  the  wa 
amrtainedby  tettiog  It  for  any  of  theiubitan 
In  it  at  the  commencement  of  the  experimen' 
dne  containing  the  predpltate.  Into  a  glau  bi 
with  dintilled  water,  and  then  eraporatu  to  d 
cyaporating,  the  greater  part  of  the  liquid  ma 
the  powder  to  fall  to  the  bottom.  The  realdu 
off  and  weighed,  the  adhering  partldei  hdng 
mel'*  balr  bruih.  Another  mode  of  coUectinf 
ticD,  and  for  thii,  imooth  ungiied  paper  sboU 
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To  the  filtered  fluid  add  carbonate  of  ammonia  in  ex- 
CQS3,  filter  if  necessary,  then  add  phosphate  of  soda,  and 
stir  the  fluid  well.  The  precipitilte^  which  is  phospliate 
of  magnesia  and  ammonia,  becomes  phosphate  of  mag* 
neaia  when  exposed  to  a  red  heat ;  100  grains  are  then 
equivalent  to  40.16  of  magneria,  (vol.  i.  p.*  488.) 

D^rent  methods  have  been  followed  for  finding  the 
quantity  of  iron.  When  the  ferro-cyanate  of  potass  is  em- 
ployed for  this  purpose,  its  scdution  must  be  added  to  an- 
other similar  portion  of  water,  and  the  precipitate,  afttar 
being  washed,  must  be  dried  very  caatibusly ;  and  as  it 
is  difficult,  nay  alitiost  impossible,  to  remove  it  from  tibe 
filter,  the  filter  ought  to  be  weighed  before  being  uied, 
and  again  weighed  with  the  precipitate  when  dry ;  100 
grains  of  the  blue  ferro-cyanate,  according  to  Porret, 
are  equal  to  34.29  o£peroxid  qfirtmy  (p.  17.) 

Berzelius  has  proposed  to  throw  down  the  iron  by  ben- 
xoate  of  soda ;  in  which  case,  all  that  is  necessary  is  to 
add  it  to  the  water,  collect  the  precipitate,  and  dry  it  by 
a  gentle  heat, — 100  grains  indicate  9&  of  peroxid, 
(p.  246.) 

There  is  still  another  method  of  finding  the  quantity 
of  iron.  It  depends  on  the  insolubility  of  the  peroxid 
in  nitric  acid.  For  this  purpose  ammonia  is  added  in  ex- 
cess to  the  water,  and  the  precipitate,  after  being  washed 
and  dried,  is  exposed  to  a  red  heat  for  some  time,  to 
per-oxidize  the  metal.  It  is  then  to  be  washed  repeated- 
ly with  water,  and  afterwards  with  nitric  acid,  by  which 
the  different  ingredients  are  dissolved,  but  the  oxid  is 
left.     Its  weight  indicates  that  of  the  iron  in  solution. 

the  powder  is  most  easily  renunred.  Haaring  thrown  4he  flaid  on  tkt 
filter,  Uie  predjpitAte  left  on  it  must,  after  tbe  filtration  oeaaes,  be  washed 
with,  distilled  water,  till  it  comes  through  pore,  -which  is  known  by 
the  process  already  stated.  The  filter  is  then  to  he  removed  cautiously 
from  the  funnel,  placed  on  a  metal  plate,  and  dried  over  a  lamp  or  chauf- 
fer, after  which  the  precipitate  may  be  scraped  off  and  weighed.  Or  the 
filter,  after  being  dried,  may  be  weighed  before  pouring  the  fluid  into  it, 
and  again  weighed  with  the  predpitate ;  but  in  .this  case  the  weighing 
must  be  finished  as  quickly  as  possible,  after  removing  the  paper  from 
the  heat,  because  it  absocbs  moistuie  n^idly  frwn  the  air. 
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ifig  the  process.  Again,  substances  are  frequentlj  found 
in  a  water,  which  decompose  each  other  when  their  solu^ 
tions  are  concentrated.  Thus,  carbonate  of  soda  occ»* 
sionally  occurs  along  with  an  earthy  6alt,  though  it  is 
well  known  it  precipitates  both  lime  and  magnesia;    '      i 

Many  mineral  waters  also  afford  different  salts',' accord* 
iog  to  the  mode  of  analysis.  ThuSj  tea  water,  byido^ 
evaporation,  yields  muriate  of  soda,  muriate  at  magnfietilit 
and  sulphate  of  magnesia;  but  when  it  is  boiled  to  dry^ 
ness,  and  the  residue  treated  with  alcohol,^  thc^tH^diictft 
are  muriate  of  soda,  muriate  of  magnesia,  and  siilphate 
of  soda.  '    •  i 

The  Tiews  of  Murray  just  stated,  kfltord,  probably^ 
the  most  adcurate  method  of  analytf li^  waters,  so  as(  ttf 
ascertain  what  salts  they  contain.  'AU'that  is  necessary, 
is,  after  finding,  by  the  us&  of  the  tests,'  the  difi^renft  suIk 
stance^  in  them,  to  combine  ihem  96  oi  tojbrm  the  ikdst  Jt^ 
ItMe  salts.  He  has  proposed  the  tcllfy^Hring  formula  as  'ttp^ 
plicable  to  almost  all  waters.'  ■  ** 

All  -waters  may -be  broughtf  under  the  <^lasd  saline,  t&t,' 
by  the  application  of  heat,  the^i^eecarbofdc  acid  andsUk 
phuretted  hydrogen  are  expelled  front  the  acidulous  anft 
sulphureous,  and  the  iron  may  be  precipitated  from  chaly- 
beate by  ferro-cyanate  of  potass^  so  that  the  substanotib 
left  after  this  are  carbonic,  sulphuric,  and  muriatic  acidil»' 
with  soda,  lime,  and  magneda.  Supposing  the  whole <^ 
these  present,  the  water  inust  be  evaporated*,  stopping 
before  there  is  any  deposition,  and  nfiilriate  of  barytii 
added,  axx)idinff  an  excess^  The  propdrtions  of  <^arbotiio 
and  sulphuric  acid  are  found  as  already  noticed,  (p.  4>80\t 
By  this  the  whole  of  the  salts  are  brought  tt)  tbei  stat^ 
of  muriates ;  oxalate  of  ammonia  is  nert  to  be  thrdwn  io^* 
to  precipitate  the  lime ;  and  to  the  filtered  fluid,  cartM* 
nate  of  ammonia,  and  phosphate  of  ammonia,  are  to  btf 
added,  to  throw  down  the  magnesia.  The  residual  fluid 
now  contains  only  muriate  of  soda.  It  must  be  evapo- 
rated to  dryness,  and  the  product  estposed  to  a  red  beal^ 
by  which  the  salt  is  obtained.  -k 

The  muriatic  acid  in  the  salt  thus  procured  may,  &oir# 
VOL.  II.  £  e 
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muriate  of  sodAf  159*3 

■  of  nuigiiesiai  85.5 

■■  ■    ■    of  lime,  6.7 

iulphate  of  soda^  35.6 


If  this  view  of  tlie  compositioa  of  mineraL  wsitfitM  bt. 
correct,  the  component  parta  of  tboae  analysed  by  othes 
meang^  wiU  be  different  from  what  baa.  baea  staJteA* 
ThiTS,  those  which  have  yielded  sulphate  of.  lime,  and 
muriate  of  soda,  it  is  inferred^  contain  muriate  of  Um% 
and  sulplmte  of  soda ;  but  though  this  is  the.  caae,^  thu 
proportion  of  acids  and  bases  being  given,  it  is  easy.ita 
find  the  composition,  according,  to  .this  mode,  without 
repeating  the  analysis*  We  have  «dy  tO;fi^d  the.  equi< 
valenta  of  the  different  salta,  wliich  is  done  fay  the  slidiog 
scale  of  Wollaston,  (see  Appendix;)  thus^lOO-sul^baJte^^ 
lime  lU-e  equal  to  81 .5  of  mufiaite  of  iime^  and  lOQmuriiitt 
of  soda  are  equivalent  to  IdS-of  sulphate  of  soda,  c 

The  modeof  analysing  walersnow  stated^  isattended  wilJbb 
muck  less  labour^aad  it  iaprobabk^leAd^toresultamoreAar 
curate  than  those  obtained  by  any  other  mei^M.  ^  A  stoon^ 
argument  in  its  favour,  is  its  enablipg  Qs  to  detect  in  them 
substances,  which  act  powerfuUy  o^  the  animal  system, 
and  thus  to  account  l»r  the  medicinal  effects  of  some, 
which  cannot  be  done  by  the  other  modes.  Bath  water, 
for  instance,  accordidg  tO"  the  analysis  by  evaporation, 
contains,  in  a  pint,  about  9  grains  of  sulphate  of  lime,  8.8 
of  muriate  of  soda,  3^  of  sulphate  of  soda,  0.8  of  carbo- 
nate of  lime,  with  a  minute  quantity  of  silioa  and  iroi^ 
all  of  which  are  either  so  inect^  or  in  sudi^  small  quantity^ 
as  to  be  incapable  of  producing  any  effect  on  the  syston  ( 
but,  according  to  Murray'^s  view  of  it,  it  oontains  no  lesa 
than  3.1  grains  of  muriate  of  lime,  a  very  active  ingredi- 
ent, and  to  which,  if  his  views  are  correct,  its  medicinal 
properties  are  probably  to  be  ascribed. 

Though  allowing  the  correctness  of  Murray^s  views 
with  respect  to  the  state  of  combination  of  the  acids  and 
Imses,  I  am  not  inclined  to  adopt  the  formula  recom- 
mended, with  the  view  of  finding  their  propoottans,  it  is  so 

s  e  2 
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9«3  of  magnesia,  18.6  of  sulphuric  acid  foe  saturatiga, 
tbusi leaving  an  excess  of .  S.69  of  muriatic  acid.;  JQut 
9^  9f  Uai3  acid  require  S.l  of  soda  to  form  Hiiiriate  of 
BQ^  80  tbati^ia  this  inatance,  we  would  ^  be  right  intixi- 
ierring  the  deficiency  to  be  soda. 

For  fuller  inforroation  on  the  modes  of  conducting  the 
AAalysis  of  mineral  waters,  the  reader  is  referred  to^  the 
£G^yft  of  Bergman,  Kirwan,  and  Scudmnc^e,  on  Min/&- 
xal  Waters^  Murray's  paper,  Ed.  Ph.  Tr^  viii.  TheaardV 
Analytic  Chemistry,  translated  by.  Children. ,  See^lso 
Faraday^s  Chemical  Manipulation,  where  much  .yaluahle 
information  is  given  with  respect  tp  the.  9)od^  of  tiQP(l- 
4uctiiig  chemical  experiments.  f     r.ui) 

Detection  QF  Poisons.       ...  „ 

■     •  ;  -      '.     ....  ^i  .Jill   ,'•!•..'  f  .»i\ 

.  The  sttbstAnoes  generally  administered,, as  poisona«  >f^ 
ihia  country  at  least,  ibeloiag  to.  the  mineral  ^ kingdom « 
indeed,  f^lmost  the  only  on^s  employed,  ar^  acsenot^s 
acid,  corrosive  suUun^te,.  and  sugar,  of  lei^d  iOf,<)at% 
however^?  oxalic  acid,  hydro-cyanic,  andsoypm  of  the>pre^ 
paratioBs  of  opium,  have  be^  usedi  tb^.laat  pai;ticulai^ 
ly,  on  the  continent,  ilt  is  my  intention,  in  this  sectioipi« 
to  describe  the  methods  of  detecting  th?se,  when  they 
are  supposed  to  exist  in  the  contents  of  the  stomach  4Pf 
alimentary  canal.  ^  m    .  •  .-i^ 

.         .  Detection  of  Jrsenic.  ,     ,, 

When  arsenic  is  administered  as.  a  pcnsosiy  it;  is  usually 
io^  tbe  state  of  arsenous  acid,  in  which  fonn  at  is  soluble 
in  water,  so  that  in  cases  of  this  kind  it  is  to  he^  looked 
for  in  the  contents  of  the  stomach,  and.  upper  part  of 
the  alimentary  canal,  or  in  piny  matter  that  may  have 
been  ejected  by  vomiting.  When  givfai,  however,  in 
considerable  quantity,  it  may  be  obsefV/cd  in  white  pow- 
der among  the  rugae  of  the  coats  of  the  stomach,  in 
which  last  case  it  is  easily  detected ;  but  when  it  is  in 
the  fluid  contents,  its  detection  becones  .41  matter  of  con* 
siderable  difiicultyi  not  so  much  from  the  want  of  tests, 
as  from  these  htSxi^  so  liable  to  be  affected  by  the  sub* 
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depce  of  its  presence ;  and  hence  it  has  happenedji  thd 
frpm  a  combination  of  the^e^.th^  h^ye  ^me  to  the  cop* 
elusion^  that  they  have  detect^  i^  when  in  reality^. they 
had*  DO  grounds  for  doing  so. 

Though  little  or  no  reliance  is  now  placed  in  the  li- 
quid test99 1  think  it  proper  to  notice  them^  chiefly  with 
the  yifw  of  pointing  out  their  fallacies^  and  ^Iso  because 
some  of  them  are  employed  to  afford  precipitates,  from 
which  we  endeavour  to  procure  the  poison  in  its  metallic 
state.  They  are  sulphate  of  copper,  nitrate  of  silver^ 
and  sulphuretted  hydrogen. 

Sulphaie  of  copper.  When  solution  of  sulphate  of  cop^ 
per  is  added  to  that  of  arsenous  acid,  there  is  no  decom- 
position,  but  wh^  an  arsenite  is  employed,  a  gre^n  pow- 
der^ well  known  by  the  name  of  ScheeWa  ^em,  ,an  arse- 
nite of  copper,  is  deposited.  It  has  therefore  been  re- 
commended to  boil  the  fluid  suspected  to  contain  arsenicy 
ivith  sub-carbonate  of  pota^,  and  after  filtration,  to  add 
the  t^st,— *if  arsenic  is  present,  the  green  precipitate  wiU 
appear. 

The  introduction  of  the  alkaline  carbonate,  howevery 
gives  rise  to  fallacy,  because  sylphate  of  copper  is  decom- 
posed by  it,  and  a  carbonate  is  deposited,  which,  rthoi^k 
it  is  easily  distinguished  from  the  arsenijte  when  thrown 
dowii  from  a  colourless  li<j]^idy  th^  one  being  blue,  t^ 
other  green,  yet,  as  in  experiments,  of  this  i^a^ure,  |^  id 
more  than  likely  that  we  are  operating  oil/ a  coloured 
fluid,  we  are  not  to  expect  it  to  be  of  its  proper  colour. 
We  find,  accordingly,  that  the  ciurbonate  of  copper,  when 
formed  in  a  fluid  of  this  kind,  frequently  cannot  be  dis- 
tinguished from  the  arsenite,  owing  to  its  having  takeil 
the  colouring  matter  along  with  it.  ft  is  stated  by  some» 
however,  that  by  repeated  washing,  the  precipitate,  if  a 
carbonate,  will  become  blue,  thecdioured  medium  tltfough 
which  it  is  viewed  being  removed ;  but  this  is  not  always 
the  case,  the  colouring  matter  being  frequently  so  inti- 
mately incorporated  with  it,  that  it  cannot  be  s^Mirated., 

To  get  quit  of  the  fallacy  arising  from  the  use  of  cai^ 
Bonate  of  potass,  it  has  been  recommended  to  emploi^ 


ploy'th^  littmofiiilr^t/Birepar^  bf  ftdditt^wJEiter  bf  '^ 

looiria  tt>  tfae^solutioa  iif  tite  nlttftte'^f  siltet^ 'tm^Maif^ 

the  whole  of  thie  pir^cipitAte  iitfiM  fbrm^y  if  reiBis^T^^ 

ed;    When  this  is  added  to  ^  £iaid  contaiiiiU^arSeiidfi^ 

acid,  -  of  cohr^e  ii^t  boiled  ^thlahy  rikaline'tiiatt^,  th^ 

yellow  arsemtc' is  formed.'  "  '         o//od 

Though;  by  using  the  test  iti  this  wiy,  6ne  ioiirbfe^d^ 

fallacy  is  '^  quit  of,  yet' other  siAstaaces  tHa4  ar^efi^ 

tta5r,^^aad'  fre^ertffy  «o!  exifift  in  W  iluid,  whitth^Wlk 

throw  dowh  pfiec^tafeis  thktiinajrbe  Mstaketitdf'ii^''''h 

is  iWell  khowh'  that  nitrate  £b  deebtnpds^d'  \if  s^i'  ^t]lind 

thdugh  the  precipitate, ^whcti'  pn^.^^^Whfti.^M^iajJ^ 

^nibinitig  with  GC^Mrin);  maftfer  itW  a)ipefeM^    ti^Sf^ 

iltet^.'  PKo9{itet^'6f^i  h  Usb  WiM^et*''iMH'4ia 

tompdses  the^faitnite,  and-  t'firowt^dy^ii^H'tl^ef^til^* 

nearlythe  Um€  aii  that  of  the  ^fs^ntt^;tiia^'il  il'Bifegifh 

to  distmguifth  them<   -  >     <       :       •  ^  f  r^i^  ,y;7:.ooo 

Thou^  the  test  is  litOile  to  fallacy  wheii'  ikii^  'in ^flfe 
manner  ist'ated,  yet  there  is  one  way  of  applyhl^U^iimm- 
rently  free  from  it.  It  ha:^  b^eti  ^li-e^djf  ni^<tS(^^;  t^ilt 
nitrate  of  sibrer  is  not  aflRrtted^^by  atsdttoU^  a)riid,'^-but 
that  sea  i^lt  and  a  phosphate  decbnn^o^  it';  he¥i6^ttt^ 
thod  of  getting  quit  of  ibesburcesW.fiflliidy,^  JABfe^^t 
is  the  otily  way  of  Ufedng  the  testthat  Can  b^  tkliM'^Ukk. 
For  tbis  purpose^  fritrate  of  sitter  is  added ^MthW  ffSM^ 
not  boiled  with  dny  alkaline  mattei-,  by  ^WiW^/thif^iaU- 
riates  and  ph^phates,  if  present,  ^e  di^M^tf^'  kKfAg 

TrrT~7fTTiTTtT?~Trn    ,?>Biiioq  1q 


U         ■  ,      V- 


*  It  bai  bMB  mflBt^ed  by  wziteN  of  Si^'  MuMMbf9:^^rM^i^<|aD 
raistdcfr  ib4  pl^o^ite  fat  the  nrfe^itf^  M>e  <«^bf|Qgi  a  ^opci^triif^ifipiitte, 
the  other  a  fine  powder ;  and  m  t^b^ope  ^  qf  a^^k^  .^e  9|her  ^.^^i^jpd. 
low  coWr ;  ttatoinenii  ixiadc  by  such  m  mu^t  nare  performed  tAeb  eyperunenta 
on  iramjk^rehi  bdhurhiijikidi,  'w^A  'fe\k  ^&  6ieMi^^ai^^AiMw% 
onefttipccia^  t9  oontaui  ^0004  but  crih  aHmrlBg  th«t  «^  ^  ioMfyitt^NM 
^opld,^ro?n  nidm  aUghydiS^mvce  ^  thf^^^phuranqt^^^^o^iy^of  .tiViyiiaipi. 
tate,  twear  to  the  pretence  of  arieniC|  when  the  life  iA  a  M^9^  ^^^?9iM  ^ 


•take,     hl^as  be^  mentlooi^  iJso;  tltat  the  pliot^ie  i«'dWio||ni 

tb^  aiseikiie^  l>y  itt  intMniip  be4otiihfff'hfa  iiark  BftH^  ^oiJu^S/i 

ed  to  sttDtliine,  m)m\9ji^p  wmtnite  ehanffm  it*  ai^ 

cologia.}    Nof ,  thopab  fhm  foftblea  U9  fo  laj  lhat.|phaq4iiMf ^  p^eafa^.iflicn 

the  precipitate  it  blackened,  yet  it  does  not  indicate  whether  or  not  there  is 

any  artenite. 
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ly  precipitation,  by  which  part  or  the  whole  of  the  co- 
louring  matter  is  removed  *. 

Chromaie  ^ Potass.^^'When  this  salt  is  added  to  solu- 
tion of  in  arsenite,  the  fluid  acquires  a  green  colour  from 
the  arsenous,  depriving  the  ehroraic  acid  of  part  of  its 
oxigen,  and  converting  it  to  oxid,  which  is  held  in  solu- 
tion ;  and  hence  it  has  been  recommended  by  Dr  Cooper 
as  a  delicate  test  of  arsenic,  (Sillipaan^s  American  Joum. 
ifi«)  This  is  not,  however,  to  be  considered  a  test  of  ar- 
senic, for  there  are  other  substances  that  will  produce  a 
similar  effect ;  besides,  it  is  of  no  value  whatever  unless 
we  are  operating  on  a  transparent  colouiiess  fluid. 

TesU  by  reduction.  From  what  has  now  been  said,  it 
is  evident  that  the  detection  of  arsenic  by  liquid  tests,  in 
fluids  containing  a  variety  of  ingredients,  particularly 
vegetable  and  animal  matter,  as  is  likely  to  be  the  case 
with  tfie  contents  of  the  stomach,  is  by  no  means  so- eas^ 
as  bias  generally  been  described,  the  tests  being  so  liable 
tb  be' Effected  by  the  substances  present.  (See  a  papor 
drt  tbi^  subject  by  Dr  Christison,  £d.  Med.-and  Surg. 
Joum.)  This  has  led  to  the  necessity  of  having  rei- 
cdilite  'to  experiments  in  the  dry  way,  or  the  reduction  of 
the  matter  so  as  to  make  it  yield  arsenic  iu  its  metallic 

k  ■ 

■  ■'*.'■  '      ■  "  '    "  T  M  ■        '    '  I  ? 

*  Instead  of  pasdog  the  gai  thnmgK  Uie  fluid,  boilfed  with  potMn,  mm 
hif •  ntoiMiiiiModed  dnt »  hj^dM-sulphtiret  fhoold  bt  med ;  but  thii  aiode  d 
aiqplf ing .  the  tfst  u  ray  fiJIacioiit,  for  iboaki  the  lijFdBO-fulphuiet  doC  bo 
recently  prepared,  it  may  haye  beoome  sulphuretted  hydro-tulphurtt,  la 
which  state  it  will  yield  a  yeOowiih  precipitate  when  the  add  b  added^  which 
is  merely  the  excess  of  sulphur  of  the  salt  Some  have  eten  Teoommeoded  a 
sulphuretted  hydro-snlphnret  aa  a  tott,  remarking  that,  on  adding  it  to  a  fluid 
coAtainiftg  arscnous  acid|  a  yellow  mlpburet  ia  deposited.  Now,  though  in 
this  insuace  a  yellow  powder  is  precipitated,  it  does  not  contain  afkenic  The 
arsenous  acid  acts  in  the  same  way  as  any  other  acid,  it  unites  with  the  alkali, 
liberates  sulphuretted  hydingen,  and  deposits  the  excess  of  sulphur,  so  thai  tbo 
whoto  of  the  arsenic  remains  ia  sdlutba.  This  ahewi  how  eamplfltdy  iMit 
the.  fttlphuretted  hydio-sulphurot  of  potass  must  be  whea  gif en  aa  an  anti- 
dote, unless  an  acid  is  administered  at  the  same  time  to  xcoooTe  the  alkali 
which  the  arsenic  has  taken  from  it,  and  aUow  the  sulphuretted  hydiogea  to 
form  sulphureL 
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is  easily  Toladlisedi  it  itiea  in  vapeuT' ;  to  thkt '  by  cdti^ 
ducting  the  experiment  in  cliise  fesBels^  it  lAajp  be  eoklKi 
dcnsed  and  coUtoted*  The  best  a|lparatu«^  for  this  j^^r^ 
pose^  16  a  .glass  tube^  the  size  of  which  must  dep^d^c^ 
the  quantity  of  matter  to*  be  decomposed.  Hating  puH' 
the  'Siixtivre  al  the  bdttom>  of  f  t^  <  it  k  to  be  heated, '  %^ 
which  ithe  aarsenic  in  vapoui^  r^es^  and  i^  condensed  tt^ 
moment  it  comes^  in  contact  wilb  the  told  pak*t  of  ^tl!^ 
tube»'  giving  toita  dense<^metidUc  coatiligy  tesf^letid^t^ 
liko  a  mirriHr,  next  the  glassy '  but  of  a  ffrdf^  ^oldut*^  '  sfAfi 
with  a  crystallifiO'i^Qpearaaoe,  on  the  inside*).  '      V' j<'  '^l* 

With  the  vie w  4)f  deteeting  arienie  in  tbis^w^iy^'^tih^ 
been  recommended  Ux  treat/  «iine  of  the  re^ddtf^  ^  Ifbj^ 
evaporation  in  the  manner  desorilx^,  by  whikh'^tfaS'^^i^ 
sumed,  that,  if  present,  thie  -glaaa  iMill  b^me  cOitetf^' 
but  this  experiment  seldom  soeceeds,  ^beldause  th^  'y^g^ 
table  and  animal  matter,  undergoinlgdeeomposition^  gi^^ 
off  gaseous  fluids,'  which  either  carry 'lawtaly  the  arseii^^ 
or  diffuse  it  so  much  ov^  the  tube^  •tbatitis'iknpossibl^^ 
to  observo  it  r  Mid  hence  we  fre^ently  taiV  iw  detectitlj|^ 
it,  though  sufficient  quantity  is  present  to  hat^  gii^n  th^ 
metaUi<;  coating,  were  it  not  for  the  circumstance  stfited/^' 

From  what  has  been  said,  it  is  evident  that  little  i^^* 
liance  can  be  '  placed  in  the  modes  of  detecting  iarsenid' 
now  enumerated,  for  though  the  liquid  tests  nmy  be  UM^I 
so  as  apparently  to  be  free  from  IhUaoy,  yet  it  Blay^'and* 
frequently  does  happen,  that  we  do  not  get  the  'pndilokf 
tates  of  the  proper  colour,  while  by  tii«dfy  ^exp^mi^ts 
we  may  fail  in  detecting  it  thou^  present.  The  ti^' 
experiment,  it  has  been  said,  when  it  does^oceedj^is't^' 
far  the  best,  and  quite  decisive  of  the  presehcie  of  at*seiild^ 
All  that  is  wanted,  then,  is  to  get  quit  of  tbeobbtlicA^ 


*  ThemodeofpvtiMiingblsckfluxha&beendeteribedAtp.  tSS.  Irliptv. 
ferrcd  to  powder  of  charcoftl,  because,  owing  to  iu  coDtatning  carbo^at^  qf 
potaM,  the  anenout  add  is  converted  to  araetiite,  and  it  thns  ^endd>ed  ^ed ;  lo 
that  the  temperature  may  be  raised  luffidently  without  any  danger  of  driTiiig 
it  off  before  it  U  decomposed,  which  is  generally  the  caae  when  charcoal  alootf' 
is  used. 
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oxid,  and  adhere  to  the  glass  in  minute  crystals,  general- 
ly  of  an  octohedrid  form  *. 

The  precipitate  by  means  of  sulphuretted  hydrogen 
may  be  treated  in  the  lane  way,  but  different  means  are 
followed  in  procuring  the  precipitate  itself.  Some  re- 
commend that  the  fluid,  after  being  boiled  and  filtered^ 
should  have  a  stream  of  sulphuretted  hydrogen  passed 
through  it,  having,  however  previously  added  a  little 
acid,  such  as  acetic,  to  neutralize  any  alkali  that  may  be 
present,  by  which  the  action  of  the  gas  on  the  arsenic  is 
prevented.  (See  Dr  Christison^s  paper  already  referred 
to.)  I  prefer,  however,  the  method  already  noticed  in 
explaining  the  use  of  the  tests  in  the  liquid  way,  be- 
cause we  not  only  get  the  whole  of  the  poison  in  selu- 
tion>  whether  it  be  arsenous  acid  or  sulphuret,  but  also 
remove  other  metallic  matter,  which  might  render  the 
process  more  liable  to  failure.  Having  boiled  the  fluid, 
then,  with  potassa  for  some  time,  and  filtered  it  while 
warm,  a  stream  of  sulphuretted  hydrogen  is  passed 
through  it  when  it  has  become  cold,  after  which  it  must 
be  again  filtered,  if  necessary.  To  the  filtered  liquor 
diluted  sulphuric  or  muriatic  add,  or,  which  answers 
equally  well,  acetic  acid,  is  to  be  added,  and  if  a  precipi- 
tate appears,  it  must,  after  collecting  it,  be  submitted  to 
the  process  of  reduction  as  already  described,  using  the 
precautions  noticed,  both  as  to  the  mode  of  conducting 
the  experiment,  and  the  necessity,  provided  the  tube  ac- 
quires a  coating,  of  proving  that  It  is  an  arsenical  one. 


*  A  ipirit  Ump  U  prefened  m  a  lamoM  of  tpplying  hmt,  becauM  the  tub% 
whea  put  into  a  chanfier,  u  apt  to  be  indted,  and  allow  the  arsenie  rapoitr  to 
cKape.  Too  great  heat  ought  alto  to  be  aroided,  becaute  the  glast,  if  it  cod- 
fun  oxid  of  lead,  which  it  genctally  does,  if  deoompoMd,  the  dmeoal  deprir- 
ing  the  lead  of  its  ozigeB,  and  aetting  free  DoetaUie  lead^  gifei  to  the  tobe^a 
appearance,  which  by  an  unezperienoed  eye  may  be  mittekan  for  artenic 
Instead  of  subjecting  the  prccipiute  to  this  process,  it  muf  be  washed  with 
muriatic  acid,  by  which,  if  it  is  anenite,  the  oxid  of  sQver,  will  be  deposited 
as  a  ehlorfd,  and  the  arsenous  acid  will  be  left  in  solution ;  by  evaporarioo  to 
dryness,  and  heating  the  residue  with  bhwk  fiuz  in  the  tube,  it  will  gi?e  ths 
coating. 
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'  Tb«  mercurial  cotapmind,  adminisUred  at  a  poisoo^  is 
Conosive  subliiaatey  which  being  soluble,  must,  of  covtae, 
be  looked  for  in  the  fluid  contents  of  the  stomach,  or 
upper  part  of  the  intestinal  canal. 

Muriate  of  mercury  is  decomposed  by  alkalis  and 
earths,  but  the  colour  of  the  precipitates  differs.  That 
with  potassa  and  soda  is  of  a  brick-red  colour,  whila 
that  with  ammonia  is  white;  the  former  being  a  hy^ 
drated  oxid,  the  latter  a  triple  ammoniaco-rouriate, 
(p-  59.)  Sulphuretted  hydrogen,  when  passed  through 
solution  of  the  muriate,  gives  a  black  precipitate,  and 
the  same  also  happens  with  a  hydro-sulphuret  Muriate 
of  mercury  may  also  be  decomposed  by  the  immersion  of 
gold,  if  a  galvanic  action  be  also  excited,  as  by  touching 
it  with  a  piece  of  zinc  or  iron,  by  which  it  is  amalga- 
mated at  the  points  of  contact ;  but  though  all  of  these 
answer  well  for  indicating  the  presence  of  mercury  in 
common  instances  of  analysis,  the  necessity  of  procur- 
ing  it  in  its  metallic  state,  in  cases  of  poisoning,  must  be 
obvious. 

Though  the  alkalies  and  earths  are  not  to  be  consi« 
dered  as  tests  of  mercury,  yet,  by  decomposing  the  mu- 
riate, they  afford  a  means  of  procuring  precipitates, 
Arom  which  we  can  obtain  mercury  in  its  metallic  form, 
by  the  common  process  of  reduction.  Suppose,  then,  wt 
wish  to  ascertain  if,  in  the  contents  of  the  stomach,  there 
is  any  corrosive  sublimate,  the  fluid  must  be  boiled  and 
filtered,  and  to  the  filtered  liquor,  solution  of  potassa,  of 
soda,  or  of  ammonia  added.  If  a  precipitate  is  formed, 
it  must  be  collected  on  a  filter  washed  and  dried  in  the 
usual  way  ^  ;  and  after  being  mixed  with  three  or  four 
times  its  bulk  of  black  flux,  and  placed  in  a  tube,  it  is 
to  be  heated  by  a  spirit  lamp.  If  mercury  is  present,  it 
will  rise  in  vapour,  and  be  condensed  in  minute  globules 
on  the  cool  part  of  it,  the  carbon  removing  the  oxigen, 
and  leaving  the  mercury  in  its  metallic  state. 


*  The  precipitates  fonntd^by  poutta  and  loda  menly  loM  thttr  moiftoN^ 
but  that  by  Mimonia  gives  off  d*o  muriate  of  immonia,  and  banmci  nki  i 
io  that  th^  art  all  of  the  sunt  nature  after  behig  dri«d. 
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That  it  is  lead,  may  be  known  by  iU  being  eauly  cut» 
by  its  being  soluble  in  nitric  acid,  and  its  solution  yield- 
ing a  black  precipitate  with  hydro-sulphurets,  and  a 
white  one  with  sulphates ;  but  there  is  scarcely  any  ne- 
cessity for  having  recourse  to  this,  as  the  appearance  of 
the  globule,  when  cut,  is  quite  characteristic. 

Detection  qf  Oxalic  Acid. 

The  detection  of  vegetable  poisons  is  equally  difficult 
with  that  of  the  mineral  ones ;  for  though  we  have  very 
delicate  tests  of  them  when  they  exist  in  a  transparent 
colourless  solution ;  yet,  as  the  colouring  matter,  and 
other  substances  in  the  contents  of  the  stomach,  alter  the 
appearance  of  the  precipitates,  it  is  evident  that  we  must 
have  more  decisive  proofs  of  their  presence. 

When  oxalic  acid  has  been  swallowed,  as  it  is  flplubfe, 
it  is  of  course  to  be  looked  for  in  the  fluid  contents  of 
the  stomach ;  so  that  with  the  view  of  detecting  it,  hav- 
ing first  tried  whether  there  is  any  free  acid,  the  liquof 
must  be  boiled  with  sub-carbonate  of  potass^  by  which 
the  acid  is  converted  to  oxalate,  and  becomes  much  more 
soluble.  It  is  then  to  be  filtered  when  warm,  and  should 
there  be  any  excess  of  alkali,  it  must  be  neutralized  by 
acetic  acid,  after  which  solution  of  muriate  of  lime  is  to 
be  added,  by  which,  if  oxalate  is  present,  a  whitish^ 
precipitate  will  fall.  To  be  satisfied  that  this  contains 
oxalic  acid,  it  must,  after  being  washed  and  collected  in 
the  usual  way,  be  boiled  with  carbonate  oi  potass,  then 
filtered,  and  any  excess  of  alkali  in  the  filtered  liquor 
saturated  as  before  with  acetic  acid.  If  the  solution 
contains  oxalate,  it  will  give  a  white  precijntate  with 
lime  water.  It  will  yield  precipitates  also  with  metallic 
salts,  those  of  zinc,  tin,  lead,  and  manganese  being  white» 
of  copper  and  nickel  bluish  green ;  but  perhaps  the 
most  decisive  test  is  the  decomposition  by  means  of  ni- 
trate of  silver,  and  formation  of  a  white  precipitatCt 
known  tb  be  oxalate,  by  putting  a  little  of  it,  properly 
washed  and'dried,  on  a  piece  of  platinum  foil,  and  hold^ 

Ff  2 
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wilt  succeed  with  l-4th  of  a  grain,  but  as  we  are  not  to 
expect  the  residue  of  the  evaporation  to  be  pure,  a  grain 
will,  perhaps,  in  most  cases  be  necessary. 

If  the  contents  of  the  stomach  are  likely  to  yield  much 
animal  and  vegetable  matter  by  evaporation,  instead  of 
following  the  process  described,  it  will  be  better  to  de- 
compose the  precipitate  thrown  down  by  sulphate  of 
iron ;  for  which  purpose,  it  must  be  boiled  with  red  o%id 
of  mercury,  and  the  solution,  after  filtration,  evaporated 
to  dryness,  (p.  18.)  The  residue  is  then  to  be  heated  in 
the  tube,  to  try  to  get  cyanogen  from  it. 

Instead  of  adding  tests  to  the  eonte9ts  of  th^  stomach, 
Lassaigne  (An.  de  Chem.  xxvii.)  has  proposed'  to  sub- 
ject it  to  distillation,  by  which,  if  free  hydrocyanic  acid 
is  present,  it  vnH  come  off  in  vapour,  and  be  condensed 
in  the  receiver  along  with  water ;  and  as  the  product  is 
colourless,  it  will,  on  the  addition  of  the  salt  of  irpn, 
yield  the  precipitate  of  the  proper  blue  colour.  This 
mode  of  detecting  hydrocyanic  acid,  answers  well,  unless 
it  has  combined  with  free  alkali  in  the  contents  of  the 
stomach,  in  which  case  it  is  necessary  to  add  an  acid  to 
decompose  its  salt,  and  set  it  at  liberty. 

The  result  of  the  iron  test  may  be  confirmed  by  agitat- 
ing the  distilled  liquor  with  red  oxid  of  mercury^  and 
trying  to  get  cyanogen  gas  fipm  it^  after  evaporation,  to 
dryness,  as  already  described* 

The  analysis  of  a  fluid,  with  the  view  of  detecti^ig^j^y- 
dro  cyanic  acid,  should  be  performed  as  kkm^  as  pp^^le, 
because  it  quickly  undergoes  decomposition  wlpen  in  ppn- 
tact  with  putrefying  animal  or  vegetable  matter.*  X4»- 
saigne  {^Wed  in  detecting  it  in  the  contents  of  the  alto* 

mach  of  a  rabbit,  a  few  days  after  it  was  poisoned  byjt. 

.1 


^  Opium. 


.'  I 


Though  opium  may  in  general  be  detected  by  its 
sell,  it  can  also  be  indicated  in  solution  by  the  addiftioii 
'j:e-agentik    It  has  been  alreiady  mealioped^  (f,flfS. 
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by  boUiog,  filter  the  solution,  aod  pour  on  boiling  watev. 
on  the  filter,  till  the  whole  of  the  soluble  matter  i3>tak^ 
off,  which  is  known  by  its  not  making  litmus  paper  bl^eu 
as  it  comes  through ;  next  take  a  measure  graduated  s^,, 
as  to  hold  100  grains  by  weight,  and  having  filled  i^ 
with  add,  add  it  drop  by  drop  to  the  solution,  till  t^^^ 
litmus  paper  becomes  red,  which  will  shew  thf^t  ther^^^ 
an  excess  of  acid,  in  other  words,  that  the  whqle  of,  ^jbjp[ 
alkali  has  been  saturated.  .,    *  rU 

Suppose  that  the  acid  is  of  sp.  gr.  1141^  containing  j»^ 
the  table  shows,  16.81  of  real  acid, ,  and  ^^t  ^Ij^.e,  ,1.9^2 
grains  of  the  article  have  taken  97  for  8aturati9i^,,  then^^^ 

as  100 .16.81::  97: 15.83;  .  [\^      !  ,;,,,^ 
and  as  100  of  acid  combine  with  ISO  of  potofif^  ^^^%>  '(To 

as  100 :  120  ::  16.82 :  18.93 ;        ,Vr   '..oih 
so  that  the  100  grains  of  the  article  contain  18.98  pf -fjo- 
tassa.  I 

The  same  method  must  be  followed  with  kelp  and 
barilla.  Suppose  that  100  grains  have  taken  54  of  di- 
luted  acid,  then 

100:16.S1::54:88; 
and  as  100  of  add  unite  with  80  of  soda,  then,. .  .  .^^{^ 

as  100: 80::  88:  7-04;       /  ,;\^ 

so  that  100  grains  would  contain  7.04  of  soda*    ,    ..  ■    ij^ ^ 

Another  method  of  experimenting,^  and  atten<ke4.wi|h  j 
much  less  trouble,  by  which  we  are  jmore  Ukely.tO;:^Mj^ 
the  average  quantity  of  alkali,  is  to  put  2000, graii)9^^^ 
the  article  into  a  flask  with  12  oz.  of  boiling  ]vfq.t;^i:,  a^j^.^ 
cork  tightly.  By  leaving  them  toget]l;ier  for,,  tlir©^  |0f^^ 
four  days,  shaking  frequently,  the  whole  pf..tlie.^lu)bjr<^^ 
matter  is  dissolved,  so  that,  if  6  oe.  be  filt^redj9|ly  )^^ 
get  the  solution  of  1000  grains,  which*  n)a)h  '''^f  |  fPfsi , 
with  the  add,  as  already  described.  1^^^.^^  *l^ 

.  Though  by  this  mode  of  conducting  the  ®^WI^™^9,C^ 
there  must  be  a  difference  in  the  bulk  of  the  flu|d,  f  «n[|i£^ 
to  the  diminution  of  temperature,  yet*  th^  "^^^^^ff-^^ 
the  alkaline  matter  causes  a  slight  enlargei|^|it,.iK>,  t]^^^^ 
the  one  nearly  co^^lteract8  the  other ;  and  hfipce^  t^j^k^,^^ 
ing  at  a  natural  temperature  half  the  measure  of  ihh  li- 
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quid  uied  at  SIS,  we  get  as  nearly  as  possible,  and  suffi- 
€ieMj  accurately  for  manufacturing  purposes^  the  solo^ 
tkm  of  half  of  the  article  employed. 

In  analysing  these  substances*  as  they  vary  much  in 
their  composition,  it  is  necessary  to  select  pieces  from  dif* 
ferent  parts  of  the  cargo,  all  of  which  should  be  ground 
to  powder,  and  the  requisite  quantity  taken  from  this. 

Particular  attention  must  also  be  paid  to  the  redden- 
ing of  the  litmus  paper,  because  it  is  affected  by  the  car- 
bonic add,  or  sulphuretted^ydrogen  disengaged  from 
the  alk^ali  by  the  addition  of  the  sulphuric  acid  ;  so  that 
we  may  tappose  we  have  reached  the  point  of  satn- 
ration,  whereas  the  reddening  may  be  occasioned  by  the 
gases.  This  is,  however,  easily  known  by  holding  the 
paper  before  a  fire  ;  if  it  be  reddened  by  them,  the  ori- 
ginal C(dour  of  the  litmus  returns,  because  they  are 
expelled ;  but  if  it  be  by  sulphuric  acid,  it  is  permanent; 
we  must  therefore  add  acid  till  the  red  does  not  disap- 
pear by  heat 

As  kelp  and  barilla  contain  alkali  in  union  with  sul- 
phuretted hydrogen,  it  has  been  proposed  by  Gay  Lds- 
sac,  (An.  de  Ch.  xiii.)  to  ccmvert  the  latter  into  jsulpho- 
ric  acid,  by  mixing  the  solution  with  chlorate  of  potass, 
evaporating  to  dryness,  and  exposing  the  residue  to  a 
red  heat.  This  method  is,  however,  seldom  practised, 
the  other  being  sufficiently  accurate  fpr  man  ufacturiog 
purposes. 

Assay  op  Limestone. 

As  the  different  kinds  of  limestone  vary  consideraUy 
in  their  composition,  it  is  of  the  utmost  consequente  to 
ascertain  the  quantity  of  lime,  which  is  done  by  a  vl^ 
flsmple  process. 

Put  about  an  ounce  of  muriatic  acid,  diluted  wldi 
about  an  equal  quantity  of  water  into  a  flask,  and  e^di- 
poise  it ;  then  take  100  grains  of  the  limestone,  reduided 
to  small  pieces,  and  having  placed  the  flask  on  its  side^ 
put  in  a  few  of  the  fragments,  and  when  they  are-dis* 


i}yed,  throw  in  ipore^  and  in  thi$  way^jqv^tin^g|}it.i|d7 
b^on  jtill  the  whole  is  iised^    The  ff^^^v^iS^  witk^ 
ttus  expelled,  so  that  bj  kpowinjf  how  ]^^  kfflW^rftfft 
]fe  find  the  quaAtitgr  of  Ub^.^i  Fpr  tbU^^^^  jl^er 

Ijbe  effervesp^ce  is  ceased,  blow  in^  ihefla^L-wUbj^ 
jlfiws,  to  renpote  the  i^hole  of  the  ga^  and  ^ga^  Vi^fifl^ 
keeping  the  original  equipoise^  and  th?  }0O.gr^s^j|^t))e 
fy[)ppsite  scale.  i?he  loss  of  weignt.ia  tbip  carji^op^.^^^id, 
^d  wbich  must  faaye  been,  Jin,uniG|^,)yi^h,  the,  l|iix\f«  iJ^afTi 
fiarboBate  of^  lime  is  co»pos^d  of,  ^i^.cjf,  afud,  Mifld  ^^^ 
Jime;  sothat,  by  the  rule  of  prpportioiv /Yfejlftwi  ^ 
jg^uantity  of  lime.  Thi^  suppose  IQQ  gp^ifisf^  tj^^rJio^^^ 
jSwe|hftyplp^t«?qfacid,tbe^i,  ■  ..    :  ,  ;^y^o^fw^^o£J^.^ 

^?9,  that  it  contains  ;?9.8  per  c^t.^  of rliroiw-}  h  aotod  isaiuj 
:,ir.'^h?"g^^^^i»  process  is  -/^xtne^neljt  simplfl,oW»4  »fl^ 
:%>.IW^s^9ne  is  pqre,  i3  su^piptly  ^qn^fAf,  ,WlIJ^3ci^ 
nfi^.f^together  free  from  fallacy.  Lim^pne  ofX^itf^i^^ 
contains  carbonate  of  magnesia,  in  which  {Qme  ^lie-iS^^ 
J^  ^ffo^v^jdoes  not  giy^  ti^  ftf^ia^^iifffffr]^ 

-iW.  ?^^f^¥* .  tfeerefpre^  U^  ascertain  Yfk^^rpkg^f^mif 

j^pt^sciit.     Magnesian  limestones  art^rdistiiig^stv^d^  fl^g^ 
9$]{nu|[ioii  liii^tones,  hy  tb^  di^^erence, .  in  tbc^  ^^j^qp^of 

^acids, ,  the  jEbr^i^  being  di^sqUed  very  dfyw}y^^\h^);ffj^^9 
fiyei^  th^  most  indurated  of  theip,^  quif^kly*]^  Bifjtj^nff)^ 

j^^ffim  i^ethodia  to  app^y  teaU.  t^  tj^i^  sgjl,a^ 
this  purpose,  having,  after  neutralizing  excess^  j^^}^, 
removed  the  lime  by  oxalate  of  ammonia,  add  to  the  fil- 
tered fluid  carbonate  of  ammonia  and  phosphate  of  soda, 
by  which,  if  magnesia  is  'j^resent,  thc^  'ammoniaco-magne- 

tralizing  the  excess  of  acid  after  nltratioi]^^^^j|;yLg|fgf2f|^ 
ffftUnfciWift^Ye  mentiQnp4;iW<M^.%  PsW*t^  ^ 
.M9Y*f4,  ^^^  saw  m  by  ^n;de^(^l^  un^gr^gyg^ 
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tilled,  the  vapour  beiog  passed  over  dried  muriate  of 
lime.  If  in  this  case  we  consider  the  crystals  similar  in 
their  nature  to  chk^uret  of  sodium,  then  the  action  by 
which  the  bromine  is  evolved,  is  the  same  as  when  chlo- 
rine gas  is  prepared  by  means  of  a  mixture  of  sea  salt, 
black  oxid  of  manganese,  and  sulphuric  acid, — the  oxi« 
gen  of  the  oxid  uniting  with  the  potassium,  and  liberat- 
ing the  bromine. 

Bromine,  at  a  natural  temperature,  is  a  liquid  of  a 
blackish  red  colour  when  viewed  by  reflected,  but  hya- 
cinth red  by  transmitted  light.  It  has  an  odour  similar 
to  that  of  chlorine,  and  like  it  acts  powerfully  on  the 
animal  system,  and  has  the  property  of  destroying  colour. 
Its  specific  gravity  is  about  SOOO.  It  is  very  volatile, 
passing  off  in  reddish  coloured  vapour,  even  at  a  natural  ^ 
temperature ;  at  a  degree  or  two  below  zero,  it  becomes  a 
hard  brittle  solid.  Its  boiling  point  is  116.5.  It  is  not 
affected  by  heat,  by  light,  or  by  electricity.  It  is  so- 
luble in  water,  yielding  a  solution  of  a  redcUsh  colour. 

Bromine  unites  with  oxigen  and  with  hydrogen,  forming 
acids  called  bromic  and  Af/dro-bromic,  When  its  ethe- 
real solution  is  shaken  with  potassa,  there  is  a  decompo- 
sition of  the  water,  its  ingredients  being  transferred  to 
the  bromine  to  form  the  acids,  with  which  the  alkali 
unites,  and  bromate  and  hydroJyromcUe  of  potass  are  the 
result. 

Bromic  acid  may  be  obtained  in  its  separate  state,  by 
the  addition  of  sulphuric  acid  to  bromate  of  baryta.  In 
many  of  its  properties,  it  resembles  chloric  acid. 

Bromine  does  not  unite  with  hydrogen  at  a  natural 
temperature,  but  on  introducing  a  lighted  taper  or  a  red 
hot  wire,  they  enter  into  union  without  explosion,  and 
generate  the  acid.  They  may  also  be  made  to  combine, 
by  introducing  the  bromine  into  a  gaseous  fluid  contain- 
ing hydrogen,  as  sulphuretted  and  phosphuretted  hydro- 
gen, or  hydriodic  acid ;  but  the  easiest  mode  of  obtain- 
ing hydro-bromic  acid,  is  to  heat  a  mixture  of  bromine 
and  phosphorus  moistened,  by  which  a  gaseous  fluid  is  ; 
given  oflV  that  mitst  be  collected  over  mercury.    As  thus 
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in  water,  and  introduced  into  the  esopbagua  of  a  rabbit, 
cau^  instant  death. 

The  action  of  bromine  with  the  metals,  is  in  many  le- 
spects  similar  to  that  of  chlorine  and  iodine.     When,  for 
instance,  potassium  is  put  into  it,  there  is  a  disengage- 
ment of  heat  and  light,  and  the  action  becomes  so  violent 
as  to  render  the  experiment  dangerous,  unless  performed 
in  minute  quantities.     When  antimony  and  tin  aL^  are 
thrown  into  it,  they  are  instantly  inflamed.     The  com- 
pounds formed,  called  bromids  or  bromuret$^  are  ,anak>- 
gous  to  chlorurets;  for,  according  to  Balard,  they. are 
converted  by  water  to  hydro-bromates.   They  are  decom- 
posed by  chlorine,   which  unites  with  the  ba^,  and  ^ts 
the  bromine  free. 

Bromine  acts  also  with  salifiable  bases,  in  the  same 
way  as  chlorine  and  iodine.  When  its  vapour  is  passed 
over  the  fixed  alkalies,  Ume,  or  baryta,  they  become  in- 
candesoent,  oxigen  is  disengaged,  and  bromuret  of  the 
metallic  base  is  formed  ;  but  when  the  alkali  or  earth  is 
ii;i  solution,  there  is,  as  already  stated,  the  decomposition 
of  the  water,  and  the  production  of  bromate  and  hydro- 
bromate,  the  former  analogous  to  chlorates  and  iodalet^ 
the  latter  to  muriates. 

Bromate  of  potassa  is,  like  chlorate,  decomposed  by 
heat,  yielding  oxigen  and  bromuret  of  potassium.  It  de> 
flagrates  when  thrown  on  live  coals,  and  with  sMipbiir 
forms  an  explosive  mixture.  It  is  decomppsed  also  <by 
acids,  and  like  chlorate,  though  its  ac^l  is  libej'ated,.  it 
undergoes  decomposition.  From  bromate  of  barjuta,  how- 
ever, the  acid  may,  as  already  stated,  be  obtained  :|inde. 
composed. 

The  hydro-bromates  of  the  alkaliea  and  of  the  p^lkajine 
earths  are  soluble,  and  are  similar  in  many  r^s|>ect$,)to 
muriates,  their  solutions,  according  to  Balard^  yieldlPg 
bromurets,  when  evaporated  to  dryness.  Whan  chlorine 
gas  is  passed  through  them,  owing  to  itf  powef ful  aAni- 
ty  for  hydrogen,  muriates  are  formed,  and  bromine  set 
at  liberty.  Some  of  the  metallic  aalts  fare  deoompoied 
by  h^dro>bromatet^  and  precipitates  are  ibmedf  which 
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SPECXJFIC  GRAVITY. 


J3y  GravUy  is  meant  that  power  by  which  bodies  are 
made  to  approach  this  earth.  All  substances,  when  left 
to  themselves,  descend;  but  this  takes  place  differently 
in  different  ins^nces, — in  other  words,  substances  are  of 
different  weights.  Thus,  a  piece  of  gold  is  heavier  than 
one  of  silver  of  the  tame  size ;  and  a  piece  of  silver 
weighs  more  than  the  same  bulk  of  wood.  Though  si- 
milar bulks  of  bodies  are  of  different  weights,  yet  the 
same  quanHty  i^mcUter  in  all,  is  drawn  towards  the  earth 
with  the  same  force;  it  must  therefore  be  of  equal  weight* 
If  equal  bulks  of  bodies,  then,  are  of  different  weights, 
they  must  contain  different  quantities  of  matter ;  and  this 
has  given  rise  to  the  term  Specific  Gravity^  by  which  we 
are  to  understand  the  comparative  weights  of  equal  bulks 
of  different  substances,  or  their  comparative  quantities 
of  matter.  Thus,  if  we  have  a  piece  of  wood  and  of 
lead  of  the  same  weight,  they  will  be  of  different  sizes ; 
they  are  therefore  of  different  specific  gravity,  because 
the  one  has  less  matter  than  the  other  in  the  same  vo- 
lume ;  that  which  has  least  is  of  the  least  specific  gnu 
vity. 

When  equal  bulks  of  bodies,  then,  contain  the  same 
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must  resort  to  aaather  method  < 
gravitj.  It  is  well  known,  that 
into  a  fluid,  it  displaces  just  its 
tkcnCore,  to  take  a  vessel,  fill  i 
it.  Having  weighed  the  solid,  | 
agun  weigh,'  «ther  previously  re 
ting  in  an  equipoise  for  it  in  the 
sel  jnuit  weigh  leas  than  before,  1 
An  is  equal  to  the  volume  of  tb< 
five,  the  weights  of  equal  volumi 
»ad  eo&seqoently  their  specific  ( 
we  have  a  tumbler  full  of  water, 
the  solid  weighing  100  grains ; 
the  taisbler  weighs  9970,  the 
kept  in  the  other  scale.  The 
(10,000^-9970=80)  the  solid  is 
fie  gravities ;  and  as 

30 :  100 : :  lOOd 
S833  Is  the  specific  gravity  of  tl 
ter  as  1000. 

This  method  is  practised  on 
of  accuracy  is  required,  because 
tumbler  widiout  spilling  a  little 
and  by  far  the  most  accurate  mc 
in  air,  and  then  in  tbe  fluid, 
which  we  wish  to  refer  it.  A 
water  than  in  air,  by  a  weight  e 
it  di^idaces.  This,  it  has  been 
bulk,  llie  difference  between  i 
water, .  th«i,  is  the  weight  of  it 
so  that  by  this  we  have  the  we 
and,  of  course  the  specific  gravi 

To  find  the  specific  gravity  of 
suppose  it  weighs  175  grains, 
thireod  oz  a  hair  around  it,  at 
plunge  it  into  water,  and  again 
it  now  weighs  149  grains,  the  c 
the  weight  of  the  water  displace 
ties  are,  as  26  to  175,  and 

as  S6: 175::  100 
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This  method  answers  onlj  for  solids  heavier  than  water. 
If  they  should  be  lighter,  we  Can  easily  make  them  sink, 
by  tying  a  heavy  body  to  them ;  and  provided  we  know 
how  much  water  it  will  displace,  we  can  find  the  specific 
gravity. 

For  this  purpose,  having  weighed  the  solid,  tie  to  it  a 
heavy  body,  and  weigh  both  in  water ;  then  subtract  from 
the  di£Perence  between  the  weight  of  both  in  air  and 
water,  the  difference  of  the  weight  of  the  heavy  body  ia 
air  and  water ;  the  remainder  is  that  of  the  light  object; 
We  have  thus  the  weight  of  the  water  displaced  by  it^ 
«nd,  of  course,  its  specific  gravity.  -^ 

Thus  suppose  heavy  body  in  air,  »  316 

J  in  water,        -      «00 

difference,  -          115         / 

light  body  (cork)  in  air         -  -           5 

both  together  in  air,          -  -           320 

in  water,          -  ^        182 

difference,  -  138 

difference  of  heavy  body,         -        -         115 

light  body,  •  28 

So  that  6  of  cork  displace  SS  of  water.     Then  as 

28:  5::  1000:217;  * 
217  is  the  specific  gravity  of  cork,  water  being  1000. 

Should  the  solid  be  soluble  in  water,  we  mutt  have  re* 
course  to  another  fluid,  as  spirit  of  wine,  or  etber,  or  a 
saturated  solution  of  the  substance  itselfi  the  sp^fic  gra- 
rity  of  which  must  be  previously  determined.  We  can 
then  refer  it  from  it  to  water^  Thus,  if  the  specific  gra« 
vity  of  a  solid  is  twice  as  great  as  that  of  its  own  solu- 
tion, and  that  of  the  solution  is  twice  as  great  as  that  of 
water,  the  specific  gravity  of  the  solid  must  be  four  times 
that  of  water.     Suppose  that  the  solid  weighs, 

« 
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is  now  of  course  equal  in  volume  to  what  was  in  A  B. 
After  this,  the  lid  being  taken  off,  the  tube  is  to  be  with- 
drawn, and  having  thrown  out  the  powder»  it  is  to  be 
cleaned  in  the  inside,  and  again  put  into  the  mercury ; 
and  the  lid  being  replaced,  it  is  raised  till  the  mercurial 
column  inside  is  16  inches,  by  which  the  air  in  A  B  is 
doubled,  and  dilating  occupies,  suppose  as  far  down  as  JQ, 
so  that  the  space  BD  now  holds  the  half  of  what  AB  did* 
In  this  experiment,  the  area  of  B  C  is  equal  to  the  whole 
air  in  A  B  while  containing  the  powder,  B  D  is  equal  to 
that  of  the  air  in  A  B  without  the  powd^,  the  difference 
C  D  must  therefore  be  equal  to  the  vohme  qfiAr^exp^M 
from  A  B  hff  the  powdery  i.  e.  it  must  be  equal  to  the  air 
of  the  same  volume  as  the  powder  itself;  so  Uiat  by  hai^ 
ing  on  a  graduated  scale  attached  to  the  instrument,  do- 
noting  the  number  of  grains  of  water  held  by  the  narrow 
part  of  the  tube,  we  find  the  quantity  which  any  part  of 
it  will  contain,  and  having  weighed  the  solid,  we  thus 
get  the  weights  of  equal  bulks  of  water  and  solid,  and 
of  course  the  specific  gravity. 

In  fixing  the  specific  gravity  of  gases,  atmospheric  air 
is  taken  as  the  standard,  and  called  1000. 

The  specific  gravity  of  gases  is  determined  in  the  same 
way  as  that  of  fluids,  by  weighing  equal  volumes  of 
them  ;  but  it  is  necessary  to  have  recourse  to  an  air- 
pump  to  exhaust  the  vessel.  For  this  purpose  we  tak« 
a  flask  with  a  stop-cock,  which  fits  the  screw  of  the 
pump.  Having  weighed  it  accurately,  it  is  to  be  put 
on  the  pump,  and  exhausted,  and  again  weighed.  It 
must  weigh  less  than  before,  by  the  air  taken  out.  On 
applying  it  to  a  bladder  filled  with  the  gas,  the  spea> 
cific  gravity  of  which  we  wish  to  find,  when  the  stop- 
cocks are  opened,  the  gas  flows  in,  so  that  if  we  again 
weigh,  we  get  the  weight  of  the  gas.  Here,  then,  wt 
have  the  weights  of  equal  volumes  of  air  and  gas, 
and,  of  course,  their  specific  gravities.  In  performing 
this  experiment,  there  is  no  necessity  for  exhausting  the 
flask  to  the  utmost,  provided  there  is  no  action  between 
the  gas  and  air ;  for  whatever  be  the  quantity  of  air  we 
take  out,  the  same  bulk  of  gas  enters.     Should  the  air 
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Ppand, 

Ounce*. 

Dnns. 

8«niplM. 

Qniat. 
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1 
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The  English  ale  gallon  contains  ffllA  tvibh 
the  cubic  inch  of  waiter  weighing  at  62  F.  £53*78  I^uv 
Hamentary  grains.  The  English  wine  pint  tontains 
98S75  cubic  inches.  The  English  wine  galloA  contains 
231  cubic  inches.  The  imperial  gallon  is  L-QOth  iess 
than  the  ale  gallon,  and  l-5th  more  than  the  wine  gallon. 
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TABLE  qfihe  Expansion  qf  Solids^  when  heated  from 

32  to  812. 

The  figures  denote  the  linear  expansion,  so  that  by 
multiplying  the  decimal  ones  by  3,  the  total  expansion 
will  be  got.  The  table  is  constructed  from  the  experi- 
ments of  Lavoisier  and  Laplace,  (Biot's  Traits  de  Phy- 
sique,) Smeaton,  (Ph.  Tr.  1784.)  Roy,  and  others. 


SulaiaaoM  tried. 


TunmMkm 
In  Dedmali, 
^tteofjliiul 

IflDgthbefaig]. 


Antisiooy 

Bismoth 

Brass 


— *  wire 
—  16,  tin  1 
Copper 

I   hamoiercd 


Glass  tube  without  lead 
■  with  harom. 


— —  rod 

-*.  English  ^t 
—  crown 
— —  tube 
Gold,  Paris  standard) 


not  softened 
pure 


; 


Iron 
Ditto 


east  (prism) 
hammered 


.ooieasoo 

.00139200 
.00180071 
.00137400 
.00198000 
.00190800 
.0017M44 
.00170000 
.00171891 

4)0087679 
.00083000 
4)0077618 

.OOO8O707 
.00081106 
.00089760 
4)0080180 

.00188166 

00146606 
4)0126800 
.00118908 
.00110940 
4)0122045 


DIauUoa 

In  Dedmali* 

thsoriglnsl 

lengtli  bebc  1. 


Iron  wire 

Lead 

Ditto 

Pewter^  fine 

Palladium 

Platinum 

Ditto 

Ditto 

Silver,  Paris  standard 

Ditto 

Solder,  soft  white  lead  1 

2,  tin  1  f 

-«—  spelter  brass  8 

sine  1 
Speculum  metal 
€teel,  hard 
——ditto 
-^-soft 
—  tempered 
Tin,  Falmouth 

Malacca 
■  ■--  Oriain 
Zinc 


•} 


1.00123504 

1.00284886 

1.00286760 

1.009283 

1.0010000 

1.00099180 

1.00085685 

1.0088420 

1.00190868 

1.0020826 

^0^28080 

1.0020580 

1.00193300 

1.00107875 

100122500 

1.00107956 

1.00123986 

1.00217298 

100103765 

1.002 

1.00294 


48300 

9420a| 


TABLE  of  the  Expansion  of  Liquids  Jrom  8«  to  91%^ 

their  original  tndk  being  1. 


Liquids. 


Alcohol 
Fixed  oils 
Mercury 
Ditto 
Ditto 
Ditto 
Ditto 
Aluriatic  add  (sp 
1.137.) 


.  gr-l 


DilaUtkm 
in  Dedmato. 


0.11000 
0.08000 
0.02000 
0.01872 
0.G1852 
0.01680 
0.0180180 

0.06000 


Liquids. 


DUstatlon 
in  Dcdmali. 


Nitric  add  (sp^  gr.  1.4a) 
Oil  of  turpentine 
Sulphuric  add  (sp.  gr.  \ 

1.86.)  j 

Sulphuric  ether 
Water 
Water  saturated  with  1 

common  salt  J 


0.11000 
0.07000 

0.06000 

0.07000 
0.04000 

0.05000 
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TABLE  of  the  CapacUies  of  Bodies  for  Heat. 
I.  Gases  referred  to  Air  as  1.0000. 

Same  weight. 


Air, 

Hydrogen, 
Carbonic  ^id, 
Oxigen, 
Azote, 

Oxid  of  azote, 
Olefiant  gas. 
Carbonic  oxid. 


Same  balk. 

1.0000 
a903S 
1.2583 
0.9766 
1.0000 
1.3508 
1.5530 
1.0340 


1.0000 
12.3401 
0.8280 
0.8848 
1.0818 
0.8878 
1.6768 
1.0806 


II.  Gases  referred  to  Water  at  1,0000. 


Water, 
Air, 

Hydrogen, 
Carbonic  acid, 
Oxigen, 


1.0000 
0.2669 
3.2936 
0.2210 
0.2361 


Azote, 
Oxid  of  azote, 
Olefiant  gas, 
Carbonic  oxid, 
Aqueous  vapour. 


Same  w^lg^t; 
0.2764 

0.2369 
0.4207 
0.2884 
0.8470 


III.  Fluids  referred  to  Water  as  1.0000. 


li 


•p.  gr. 

Aeid   /-(1200) 
Nitric  I  (1298) 
(1300) 
(pale) 

Muriatic^  [}}**> 

Sulphuric  (1844) 
Do.  4  -I-  water  6 
Do.  1  +     do.   1 

Acetic,  (1056) 

Alcohol  {  (|^j 


0.7600 
0.6613 
0.6600 
0.8440 
0.6800 
0.6000 
0.8600 
0.6681 
0.6200 
0.6600 
0.6666 
0.to97 


Ether  sulph.  (729) 
Oil  of  lintseed, 

naphtha, 

olives 

spermaceti, 

turpentine. 
Spermaceti, 


0.6432 
0.6280 
0.4161 
0.6000 
0.6000 
0.4720 
0.9990 


IV.  Solids  referred  to  Water  as  1.0000. 


Antimony, 

Bismuth, 

Brass, 

Copper, 

Gold, 

Gun  metal, 

Iron, 

sheet, 


0.0616 
0.0480 
0.1123 
0.1111 
0.0600 
0.1100 
0.1269 
0.1099 


Lead, 

Mercury, 

Nickel, 

Platinum, 

Silver, 

Tin, 

Zinc, 


0.036S 

0.0867 
0.1000 
0.1800 
0.0820 
0.0704 
0.0948 
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Table  amtimied 


Temf. 

Dal  ton. 

Ure. 

Temp. 

Dal  ton. 

Ura. 

112° 

2.68 

153 

8.01 

113 

2.76 

164 

8.20 

■ 

114 

2.84 

155 

8.40 

8.500 

115 

2.92 

2.810 

156 

8.60 

116 

3.00 

157 

8.81 

117 

3.08 

158 

9.02 

118 

3.16 

159 

9.24 

119 

3.25 

160 

946 

9600 

120 

8.33 

8.800 

161 

9.6S 

1 

121 

3.42 

162 

9.91 

1 

122 

3.50 

. 

163 

10.1* 

123 

3.59 

164 

10.41 

124 

3.69 

165 

10.C» 

10.800 

125 

3.79 

$£» 

166 

10.96 

• 

126 

3.89 

167 

11.25 

• 

127 

4.00 

168 

11.64 

128 

4.11 

169 

11.83 

129 

4.22 

170 

12.13 

12.060 

180 

4.34 

4.866 

171 

12.48 

131 

4.47 

172 

12.78 

132 

4.60 

178 

13.02 

133 

4.73 

174 

13.82 

184 

4.86 

175 

18.6S 

18.560 

185 

5.00 

5.070 

176 

13.92 

186 

5.14 

177 

14.22 

187 

5.29 

178 

14.52 

* 

138 

0*44 

179 

14.88 

• 

139 

5.59 

180 

15.16 

15.160 

140 

5.74 

6.770 

181 

15.50 

141 

5.90 

182 

15.86 

i«a 

6.06 

183 

16.28> 

• 

148 

6.21 

184 

16.61 

• 

144 

6.87 

185 

17.00 

16.900 

145 

6.58 

6.600 

186 

17.40 

146 

6.70 

187 

17.80 

147 

6.87 

188 

18.20 

148 

7.05 

189 

18.60 

149 

7.28 

190 

19.00 

19000 

150 

7.42 

7.530 

191 

19.42 

151 

7.61 

192 

19.86 

152 

7.81 

193 

20.82 

] 
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Table  of  the  elastic  Forces  of  the  Vapours  of  Alcohol^  OH 
of  Turpentine^  and  Petroleum  or  Naphtha^  in  inches  of 
Mercury.     By  Db  Uee.     (PhU.  Trans.  1818.) 


Alcohol  (flp.  gr.      1 
0.813.)            1 

Alcohol  (ipecific  grarity 
0.813.) 

P6trOi6UIll. 

Temp. 

Force  of     1 
Vapour. 

Temp. 

Force  of 
Vapour. 

Tmnp. 

ForaeoC 
Vkpour. 

32 

0.40» 

193.8'' 

46.60* 

816 

30.00» 

40 

0.56 

196.3 

50.10 

320 

31.70 

45 

0.70 

200 

53.00 

325 

34.00 

60 

0.86 

206 

60,10 

330 

36.4a 

55 

1.00 

210 

65.00 

335 

38.90 

60 

1.28 

214 

69.30 

340 

41.60 

65 

1.49 

216 

72.20 

345 

44.10 

70 

1.76 

220 

78  60 

860 

46.8t^  « 

75 

2.10 

225 

87.60 

366 

50.20 

80 

2.45 

230 

94.10 

360 

63.30 

85 

2.93 

232 

97.10 

365 

56.90 

90 

3.40 

236 

103.60 

370 

60.70 

95 

3.90 

238 

10690 

872 

61.90 

100 

4.50 
5.20 
6.00 
7.10 
8.10 

240 
244 
247 
248 
249.7 

111.24 
118.20 
122.10 
126.10 
131.40 

375 

64.00 

105 
110 
115 

OUofTu 

rpentinew 

Temp. 

Force. 

120 

3040 

30.00» 

125 

9.25 

S50 

132.80 

3076 

82.60 

130 

10.60 

252 

188.60 

310 

83.60 

135 

12.15 

254.3 

148.70 

315 

85.20 

140 

13.90 

268.6 

161.60 

320 

37.06 

145 

15.96 

260 

165.20 

322 

87.80 

150 

18.00 

262 

161.40 

326 

40.20 

155 

20.30 

264 

166.10 

380 

42.10 

160 

22.60 

336 

45.00 

165 

25.40 

340 

47.80 

170 

28.30 

843 

49.40 

173 

30.00 

847 
350 

51.70 

178.8 

33.60 

53.80 

180 

34.73 

354 

66.60 

182.3 

.     36.40 

367 

68.70 

185.3 

>     39.90 

360 

60.80 

190 

43.20 

362 

1  62.40 

J 
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Taftfe  qfFr'igorific  Mixturet — Continued. 


MIXTURES. 

Thanaometcor  links. 

Dog.  of  cold 
producwL 

Snow,         ... 
Diluted  sulphuric  acid, 
Diluted  nitric  acid,     - 

8  parts 

3 

3 

From  —  lO*"  to  —  66* 

46 

Snow,         ... 
Diluted  sulphuric  add, 

1  part 

1 

From  —  20**  to  —  CO* 

40 

Snow,         ... 
Muriate  of  lime, 

3  parts 
4 

From  .f  20'*  to  —  48" 

68 

Snow,         ... 
Muriate  of  lime. 

3  parts 

4 

From  .f  10^  to  —  64* 

64 

Snow,         ... 
Muriate  of  lime. 

2  pans 
3 

From  —  16**  to  —  68' 

83 

Snow,         ... 
Cry  St*  muriate  of  lime. 

1  part 
3 

From  —  40"  to  —  P* 

S3 

Snow,         .         •        • 
Diluted  sulphuric  acid. 

8parU 
10 

From  —  68**  to  —  91* 

23 

TABLE  of  the  Forces  of  4ffinUy. 


OXIGEN. 

Metallic  bases 
of  the  alkalis 
and  earths 

Carbon 

Manganese 

Zinc 

Iron 

Tin 

Antimony 

Hydrogen 

Phosphorus 

Sulphur 

Arsenic 

Nitrogen 

Nickel 

Cobalt 

Copper 

Bismuth 

Mercury 

Silver 

Gold 

Platinum 

Sulphur 
Caroon 
Phosphorua 
Nitrogen 

CARBON. 

Oxigen 

Iron 

Hydrogen 

NITROGEN. 

Oxigen 
Sulphur  ? 
Phosphorus 
Hydrogen 

SULPHUR. 

Iron 
Copper 
Tin 
Lead 

Silver 

HYDROGEN. 

Oxigen 

VOL.  II. 


Hh 


TcMe  ^ihe  Forces  of  A^ 


Ksmutb  Magnesia 

Antimony        Glucina 
Mercury  Alumina 

Arsenic  Zirconia 

Molybdena       Metallic  oxidee 
Silica 


MITUIC  ACID, 

unaiATic — ' 

Baryta 

Potassa 

Soda 

Stronlia 

Lime 

Magnesia 

Ammonia 

Glucina 

Alumina 

Zirconia 

MetalUo  ox  idee 


PH OS  PHOBIC 
ACID. 

CARBONIC -f. 

Baryta 

Strontia 

Lime 

Potassa 

Soda 

Ammonia 


riusBic  %. 

Baryta 

Strontia 

Potassa 

Soda 

Lime 

Magnesia 

Ammonia 

Glucina 

Yttria 

Alumina 

Zirconia 

Metallic  oxides 


8UI.FHU- 

BETTED 

tlYDKOGEM. 

Baryta 
Potassa 
Soda 


|Mei 


*  Ammonia  ihoutd  ttsod  abore  nugneua 
■]■  BIsgnMia  ihould  BLand  aboFe  wnmomi 
b«  omitted. 
X  with  the  omiMfon  of  »11  »ftef  ammonU 
g   Zirconis  after  Blumliia. 
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Tabk  of  Simple  Affinity — Continued. 


LIME. 

Acetic 

Acetic 

Arsenic 

Boracic 

Boracic 

Fluoric 

Acids, 

Sulphurous 
Carbonic 

Sulphurous 
Caroonic 

Succinic 

Oxalic 

Citric 

Sulphuric 

Prussiq. 

Prussic 

Acetic 

Tartaric 

Boracic 

niiof*Ynio 

Prussic 
Carbonic 

Phosphoric 

Nitric 

STRONTIA. 

ALUMINA. 

TVCiiriatifi 

Suberic 

Acids, 

Acids. 

Fluoric 

Sulphuric 

Sulphuric 

OXID  OF  COP- 

Arsenic 

Phosphoric 

Nitric 

PICR. 

Citric 

Oxalic 

Muriatic 

Malic 

Tartaric 

Oxalic 

Gallic  acid 

Benzoic 

Fluoric 

Arsenic 

Oxalic 

Acetic 

Nitric 

Fluoric 

Tartaric 

Boracic 

Muriatic 

Tartaric 

Muriatic 

Sulphurous 

Succinic 

Succinic 

Sulphuric 

Carbonic 

Acetic 

Citric 

Nitric 

Prussic 

Arsenic 

Phosphoric 

Arsenic 

Boracic 

Benzoic 

Phosphoric 

Carbonic 

Acetic 
Boracic 

Fluoric 

B \ RVT A 

Sulphurous 
Carbonic 

Citric 

OAtk  X  X  A* 

Acetic 

Acids, 

MAGNESIA. 

Prussic 

Boracic 

Sulphuric 

Prussic 

OtaIip 

At*inJi 

Carbonic 

Succinic 
Fluoric 

Oxalic 
Phosphoric 

/>^r  t  TV     #>VI      Y  B  #WT 

X^«bA  w^^^mMm%^ 

OXin  Or    laON. 

Phosphoric 

Sulphuric 

Nitric 

Fluoric 

Gallic  acid 

DXID   OF  LEAD. 

Muriatic 

Arsenic 

Oxalic 

Suberic 

Succinic 

Tartaric 

Gallic  acid 

Fluoric 

Nitric 

Camphoric 
Sulphuric 

Sulphuric 

Arsenic 

Muriatic 

Oxalic 

Citric 

Tartaric 

Muriatic 

Arsenic 

Malic 

Citric 

Nitric 

Tartaric 

Benzoic 

Benzoic 

Phosphoric 

Phosphoric 

hHS 


r 
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TaMe  ^Simple  AJfimi 


Muriatic 

Tartaric 

Bei 

Sulphurous 

Phosphoric 

Oxi 

Suberic 

Citric 

Sul 

Nitric 

Succinic 

Nit 

Fluoric 

Fluoric 

Ta 

Citric 

Arsenic 

Ph 

Malic 

Acetic 

cit 

Succinic 

Boracic 

Su< 

Acetic 

Prussic 

Fli 

Benzoic 

Carbonic 

Ar 

Boracic 
PrusBiC 

Ac 

Bo 

Carbonic 

OXID  OF  UER- 

Pr 

cn»T. 
Gallic  acid 

- 

OXID  OF  TIN. 

Muriatic 

0] 

Gallic  acid 

Oxalic 

Muriatic 

Succinic 

G; 

Sulphuric 

Arsenic 

M 

Oxalic 

Phosphoric 
Sulphuric 

0; 

Tartaric 

Si 

Arsenic 

Tartaric 

PI 

Phosphoric 

Citric 

S« 

Nitric 

Malic 

Ni 

Succinic 

Sulphurous 

Ai 

Fluoric 

Nitric 

Fl 

Citric 

Fluoric 

Ti 

Acetic 

Acetic 

Ci 

Boracic 

Benzoic 

Su 

Prussic 

Boracic 

Ai 

Prussic 

Pi 

Carbonic 

C. 

OXID  OF  ZINC. 

Gallic  acid 

Oxalic 

OXID  OF  AW- 

OK 

Sulphuric 

TIMONY. 

Muriatic 

Gallic  Acid 

Nitric 

Muriatic 

Gf 

"  Omiltiog  the  oxalic,  citric,  luicinic,  i 
phurett«d  hjnlrogeD  after  Prauic  add. 
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TABLE  of  the  Quantityof  Oil  of  Vitriol  (sp.  gr.  L8485J  and<^ 
Real  or  Dry  Sulphuric  Acid' in  100  Parts  by  Weight  of  diluted 
Acid  of  different  sp,  gr.     By  Dr  Ure. — Lond.  Journ.  iv. 


LtquM. 

Sp.Gr. 

Dry. 

81.54 

Liquid. 

Sp.Gr. 

Dry. 

Liquid. 

Sp.Gr. 

Dry. 

100 

1.8485 

66 

1.5503 

53.82 

82 

1.2334 

26.09 

99 

1.8475 

80.72 

65 

1.5390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

78.28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8171) 

74.20 

57 

1.4560 

46.48 

23 

1.1626 

18.75 

90 

1.8115 

73.39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

16.31 

87 

1.7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

52 

1.4078 

42.40 

1« 

1.1246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

68.49 

50 

1.3884 

40.77 

16 

1.1090 

13.05 

83 

1.7465 

67.68 
66.86 

49 

1.3788 

39.95 

15 

1.1019 

12.23 

82 

1.7360 

48 

1.3697 

39.14 

14 

1.0953 

11.41 

81 

1.7245 

66.05 

47 

1.3612 

38.32 

13 

1.0887 

10.69 

80 

1.7120 

65.23 

46 

1.3530 

37.51 

12 

1.0809 

9.78 

79 

1.6993 

64.42 

45 

1.3440 

36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

1.3345 

35.88 

10 

1.0082 

8.15 

77 

1.6750 

62.78 

43 

1.3255 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34.25 

8 

1.0544 

6.52 

75 

1 .6520 

61.15 

41 

1.3080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1 .0405 

4.89 

73 

1.6321 

59.52 

39 

1.2913 

31.80 

5 

1.0336 

4.08 

72 

1.6204 

58.71 

38 

1.2826 

30.98 

4 

1.0268 

3.26 

71 

1.609C 

57.89 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29.35 

2 

1.014C 

1.65 

69 

1.5868 

56.26 

35 

1.2572 

28.54 

1 

1.0074 

0.8154 

68 

1.576C 

)  55.45 

34 

I.249C 

27.72 

67 

1.564€ 

\  54.63 

1     33 

1.240S 

26.91 

i 
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TABLE  i)ftht  quaxUxltj  of  real  Ol 
lOOparUoflupadadd,atdifere 
(An.  of  Phil.  X.) 


Sp»b 

Add  in 

SpmiSc 

Ad 

OmHty. 

100. 

GmTity. 

11 

].19ao 

88.30 

1.1272 

18 

1.1900 

88.08 

1.1263 

18 

1.1881 

87.73 

1.1233 

18 

1.1869 

87.45 

1.1214 

17 

1.184S 

87.17 

1.1194 

17 

1.1887 

86.88 

1.1173 

n 

1.1808 

86.60 

1.1165 

16 

1.1790 

86.32 

1.1184 

le 

1.177* 

86.04 

l.IllS 

16 

1.1763 

25.76 

1.1097 

16 

1.173S 

25.47 

1.1077 

I< 

1.1715 

86.19 

1.1058 

11 

1.1698 

24.90 

1.1087 

IJ 

1.1679 

84.68 

1.1018 

1< 

1.1661 

84.34 

1.0999 

14 

1.16i3 

24.05 

1.0980 

14 

1.169« 

83.77 

1.0960 

14 

1.1605 

23.49 

1.0941 

1! 

1.1587 

2S.20 

1.0988 

1! 

1.1568 

88.92 

1.0902 

11 

1.1560 

82.64 

ijosaa 

la 

1.1631 

88.36 

1.0863 

IS 

1.1610 

28.07 

1.0844 

19 

1.1491 

21.79 

1.0S2S 

u 

1.U71 

21.61 

1.0805 

1] 

1.1453 

21.22 

1.0785 

1] 

1.1481 

80.94 

1.0766 

11 

1.1410 

20.66 

1.0746 

11 

1.1891 

80.87 

1.0787 

Id 

1.1371 

80.09 

1.0707 

10 

1.1351 

19.81 

1.0688 

10 

1.133S 

19.53 

1.0660 

s 

i.isia 

19.24 

1.0649 

9 

l.lfi93 

18.96 

1.0689 

9 

APPENDIX. 


487 


TABLE  of  the  Prcpartwn  of  real  NUricAcid  in  100  ParUofthe 
liquid  Acidy  at  different  Specific  Gravities.  By  Dr  Ure. — 
London  Journal,  iv. 


Spedflc 
Gravity. 

AddinlOa 

Spedfk 
Gravity. 

Add  in  100. 

Spectfc 
Gravity. 

Add  in  100. 

1.3000 

79.700 

1.3783 

52.602 

1.1833 

25.504 

1.4980 

78.903 

1.3732 

51.805 

1.1770 

24.707 

1.4960 

78.106 

1.368] 

51.068 

1.1709 

23.910 

1.4940 

77.309 

1.3630 

50.211 

1.1648 

23.113 

1.4910 

76.512 

1.8579 

49.414 

1.1587 

22.816 

1.4880 

75.715 

1.3529 

4a617 

1.1526 

21.519 

1.4850 

74.918 

1.3477 

47.820 

1.1465 

20.722 

1.4820 

74.121 

1.3427 

47.023 

1.1403 

19.925 

1.4790 

73.324 

1.3376 

46.226 

1.1345 

19.128 

1.4760 

72.527 

1.3823 

45.429 

1.1286 

18.831 

1.4730 

71.730 

1.3270 

44.632 

1.1227 

17.534 

1.4700 

70.933 

1.3216 

43.835 

1.1168 

16.737 

1.4670 

70.186 

1.3163 

43.088 

1.1109 

15.940 

1.4640 

69.339 

1.8110 

42.241 

1.1051 

15.143 

1.4600 

68.542 

1.3056 

41.444 

1.0993 

14.346 

1.4370 

67.745 

1.3001 

40.647 

1.0935 

13.549 

1.4530 

66.948 

1.2947 

39.850 

1.0878 

12.752 

1.4300 

66.155 

1.2887 

39.053 

1.0821 

11.955 

1.4460 

65.354 

1.2826 

38.256 

1.0764 

11.158 

1.4424 

64.557 

1.2765 

37.459 

1.0708 

10.361 

1.4385 

63.760 

1.2705 

36.662 

1.0651 

9.564 

1.4346 

62.963 

1.2644 

35.865 

1.0595 

8.767 

1.4306 

62.166 

1.2583 

35.068 

1.0540 

7.970 

1.4269 

61.369 

1.2523 

34.271 

1.0485 

7.173 

1.4228 

60.572 

1.2462 

33.474 

1.0430 

6.876 

1.4189 

59.775 

1.2402 

32.677 

1.0375 

5i»79 

1.4147 

58^78 

1.2S41 

81.880 

1.0820 

4.782 

1.4107 

58.181 

1.2277 

31.083 

1.0267 

3.985 

1.4065 

57.384 

1.2212 

80.286 

1.0212 

8.188 

1.4023 

56.584 

1.2148 

29.489 

1.0159 

2.891 

1.3978 

55.790 

1.2084 

2a692 

1.0106 

1.594 

1.3945 

54.993 

1.2019 

27.895 

1.0053 

0,797 

1.3882 

54.196 

1.1958 

27.098 

1.3833 

53.899 

1.1895 

26J01 
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Table  continued. 


Sp.Or. 

Ale. 

Sp,6r. 

A.. 

Sp.  Or. 

Ale 

912 

62 

939 

40 

962 

28 

915 

61 

941 

89 

963 

27 

917 

60 

943 

88 

965 

26 

920 

49 

946 

87 

967 

26 

922 

48 

947 

36 

968 

24 

924 

47 

949 

35 

970 

23 

926 

46 

961 

84 

972 

22 

928 

45 

953 

83 

973 

21 

930 

44 

965 

32 

974 

20 

933 

43 

967 

31 

976 

19 

935 

42 

968 

80 

937 

41 

960 

29 

TABLE  of  the  quantity  of  Alcohol,  sp,  gr.  .825  at  60  F. 
in  various  Wines,  Sfc.     By  Brande. 


Proportion  of 
Spirit  per  cent, 
by  measure. 

Lissa,  average        -  25,^1 

Raisin  wine,  average  25,12 

Marsala,  average  -  25,09 

Port,  average         -  22,96 

Madeira,  average  -  22,27 

Currant  wine          -  20,55 

Sherry,  average     -  19,17 

Teneriffe                .  19,79 

Colares                    -  19,75 

Lachryma  Christi  1 9,70 

Constantia,  white  19,75 

Ditto,  red               .  18,92 

Lisbon                    -  18,94 

Malaga  (1666)       -  18,94 

Bueellas                  .  18,49 
Red  Madeira,  average 20,35 

Cape  Muschat        -  18,25 


Proportion  of 
Spirit  per  cent* 
by  measure* 

Cape  Madeira,  aver.  20,51 
Grape  wine  -     18,,11 

Calcavella,  average  18,65 
Vidonia  -  -  19^ 
Alba  Flora  -    .17^ 

Malaga         -  -    17,26 

White  Hermitage  17,48 
Rousillon,  average  .18,18 
Claret,  average  -  ,15,10 
Malmsey  Madeira  16^ 
Lunel        -  -    15^9 

Sheraz       -  -     15,!52 

Syracuse   -  -     15^ 

Sauterne    -  -    14,122 

Burgundy,  average  14,67 
Hock,  average  -  .12J98 
Nice         -  -    14,o8 


e 

ft, 

I 

1 1 

^  IS 


i 

SPsiip; 

¥ 

a§s        ; 

1 

d 

SB 

3  i 

Is 

si 

1^ 

«  —  dt~  g  S*"' 

u 

ft 

'.S 

11 

s           : 

ii 

u 

.o3«. 

II 

332„       3 

III 

o    l',2  2. 

m 

^   ^ 

«3  _. 

cc  S^. 

iij^ 

gssass   , 

1 
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1 
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TABLE  of  Cl^mical  Equivalents^  or  the  Atomic  Proportions  of 
different  Bodies,     (Thomson''s  Fiest  Pa.) 

»  B. — ^In  the  following^  Table,  the  atomic  weights  are  given  both  according  to  the  ozigen 
hydrogen  scale.  The  salts  are  supposed  to  be  in  their  crystallized  state,  so  that  the 
iber  representing  those  having  water  of  composition,  is  made  up  of  those  denoting  the 
ydrous  salt  in  union  with  its  due  proportion  of  atoms  of  water. 


A 

ATOMIC  WRIGHTS.       |i 

Ammonio-sulphate  of  cop- 

ATOMIC WCIOHT.        1 

A 

Oxy.  =  1  Hyd.  =  ij 

Oxy.  =  HHvd.  »  l| 

tate  of  alumina 

9.625 

77     1 

ammonia 

lfi.25 

lao 

per       -        .        - 

23.875 

191 

barytes 

19.376 

136 

Ammonio-sulphate  of  mag- 

cadmium 

16.5 

132 

nesia    - 

22.6 

180 

copper 

12.376 

99 

Ammonio-sulphate  of  man  • 

iron    - 

14.126 

113 

ganese 

24.6 

196 

lead     . 

23  626 

159 

Ammonio-sulphate  of 

lime    - 

16.6 

132 

nickel 

2425 

194 

magnesia 

14.376 

115 

Ammonio-sulphate  of  po- 

manganese 

16.26 

122 

tash      ... 

22.625 

181 

mercury 

36.75 

294 

Ammonio-sulphate  of  soda 

22.875 

188 

nickel 

16126 

129 

Ammonio-sulphate  of  zinc 

25.25 

208 

potash 

14.6 

116 

Antimonic  acid     - 

7.5 

80 

silver 

21 

168 

Antimony    ... 

6.5 

44 

soda    - 

17 

136 

Arseniate  of  alumina    . 

I6.75 

188 

strontium     . 

13.876 

111 

ammonia  - 

9875 

79 

zinc     . 

19.375 

165 

bismuth    . 

20. 

160 

lUe  acid 

0.25 

60 

cadmium  . 

16.875 

186 

to,  in  crystals 

7375 

69 

cobalt 

16.6 

189 

ohol        ... 

2.876 

23 

^  lead 

21.76 

174 

im           ... 

60.876 

487 

lime 

11.25 

90 

imina      ... 

2.26 

18 

magnesia 

1925 

154 

iminum 

1.25 

10 

manganese 

23.5 

188 

imonia 

2.126 

17 

mercury 

33.75 

870 

imomo.carbonate  of  u- 

nickel 

I8.75 

150 

ranium 

49.875 

399 

Subsesquaraeniate  of  silver 

29.876 

887 

monio-muriate  of  cop- 

Arseniate  of  strontian  - 

23.26 

186 

per       -        -        . 

36.126 

289 

zinc 

22 

176 

imonio  -  permuriate  of 

Arsenic        ... 

4.75 

88 

iron      ... 

18.6875 

149 

Arsenic  acid 

7.75 

84 

imonio-muriate  of  pla- 

Arsenietted hydrogen  - 

4.875 

88 

tinum 

27.75 

222 

Arsenious  acid 

6.75 

46 

imomo-oxalate  of  cop. 

Azote           .         -         - 

1.75 

14 

per       -        -        . 

19.625 

156 

imonio-oxalate  of  cop. 

per       -        -        . 

12.75 

102 

B 

imi»iio.phosphate  of 

1                                          ' 

magnesia 

16.125 

129 

IBarium        ... 

8.75 

70 

imonio-phodphate  of 

Barytes        ... 

9.75 

78 

foda      . 

31.125 

249 

Bichloride  of  mercury  - 

34 

879 

uiKmio^uIphate  of  alu- 

platinum 

21 

168 

mina    ... 

60.S6 

456 

selenium 

14 

19 
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I       ATOMIC  WMIOHTIt. 


trooiate  of  bismuth    • 
cadmium  - 
chromium 
cobalt 
copper 
lead 
lime 

magneiiia 
mercury    - 
nickel 
potofth 
silver 
Hoda 

Ktrontian 
zinc 

iromic  acid 

inimium   .        .        • 

trie  acid   .        -        . 

tto,  in  crystals 

ibalt 

dumbate  of  soda 

Iambic  acid 

lunbium 

ipp0r        -        -        - 

mMkOgen    .        .        - 


|Oxy.  =  1 


ite  of  chlorine 
rutfltulphuret  of  potas- 

glum     •        -        . 
mlocnd  of  azote 

chromium 

hydrogen 

lead 

manganese 
aoBtate  of  copper  *    - 

lead 
carbonate  of  copper  . 
chloride  of  antimony 
copper     - 
hTdrate  of  silica 
nitrite  of  lead  - 

alumina     - 

bismuth     . 
proCarseniate  of  iron 
phoaphate  of  lead 
lulphuret  of  copper 
lead 


her,  sulphuric 


18.76 

2ai26 

11 

13 

13.75 

20.5 

10 

1125 

32.5 

15.25 

12.5 

2l.«5 

24 

13 

11.75 

0  5 

3.5 

7.25 

9.5 

3.25 
34.25 
19 
18. 

4 

3.25 


15.75 

9 

3.75 

5.5 

2.125 
14.5 

5 
23 

34.25 
13.875 
15.5 
12.5 

5.125 
.30 
22.5 
20 

20.125 
31.5 
10 
28 


Hyd. 


4.6?r> 


150 

161 

88 

104 

110 

164 

80 

90 

260 

122 

100 

170 

192 

104 

94 

52 

28 

58 

76 

26 

274 

152 

144 

32 

26 


126 
7« 

30 
44 

17 

116 

40 

lai 

364 
HI 
124 
100 

40 
288 
180 
232 
161 
152 

80 
224 


37 


Oxy.  =  1 


Fluoborate  of  ammonia 
Fluoboric  acid 
Fluoric  add  ?        .        - 
Fluorine  ?    - 
Fluoiilicic  acid     - 
Formate  of  copper 

lead 
Formic  acid 
Fuming  sulphuric  acid 


O 


Gallic  acid 
(rliidna 
Olucinum 
Gold   . 
Gum   . 


H 

Hydrate  of  alumina 
silica 
ziroonia 
Hydriodic  add 
Hydrocyanic  add 
Hydrogen     . 
jHyponitrite  of  lead 
Hyponitrous  add 
Hyposulphuric  add 
Hypoeolphurouj  acid 


Iodic  add    - 

lodid  of  barium 
bismuth 
cadmium 
caldum 
copper 
iron 
lead 

phosphorus 
potassium 
silrer 
sodium 
strontium 
sulphur  - 
zinc 

Iodine 

Iridium        •        • 

jlron 


ATOMIC  WSfGHTS.      i 


6.375 
4.25 
2.375 
2.25 
3.25 
14.125 
19.75 
4.625 
11.125 


7.75? 

3.25 

2.25 

25 

11.25 


3.S75 
3.125 
7125 

15.625 
3.375 
0.125 

19.875 
i.75 
9 
3 


20.5 

24.25 

24.5 

22.5 

18 

19.5 

19 

iS.5 

17 
20.5 

29.25 

18.5 

21 

17.5 

19.75 

15.5 

3.75 

3.5 


51 
34 
19 
18 
20 
113 
158 
37 


6t? 

96 

18 


ri 
ts 

56 

185 

«7 
J 

150 
38 
32 
24 


184 
194 
188 
180 
144 
158 
188 
828 
138 
184 
834 
148 


140 
188 

184 
SO 
28 


*  The  syllable  dii,  ia  added  to  shew  that  the  fait  contains  two  atoms  of  base,  {iiff  tmlm^y 


i 


*t™.r-..»Bm     1 

K 

0.y.=>l 

ff^ar^i 

tiitme 

Kcmn  miMHl  ■ 

7.6*5 

61 

L 
I^ -        -        -        - 

13 

104 

LiS            <        - 

3.5 

88 

LiSb           •         -         - 

g,85 

18 

Ll^      .        .         . 

1.S5 

10 

H 

^S$£^-   : 

t.5 

80 

1.5 

18 

Nitrou. 

HunoM           -        • 

35 

«8 

Nitric  s 

H^uiaie  kdd 

7.5? 

60 

0.5  f 

Si 

Uunrio  idd      -        - 

33 

80t 

Martury      -        -        - 

ts 

800 

UobUkWofMnmOQi. 

81.85 

170 

Oil  of  T 

letd 

13 

184 

OleGaut 

UobMBnum        ■         . 

S 

48 

Oleic  ac 

HolVUic  acid      - 

a 

78 

Orpime. 

8 

Gi 

OxiJue 

M^XwrfJuniina      . 

40.85 
10.85 

388 
88 

0-75 

54 

1S.5 

184 

'<            aidniJuin    - 

13,75 

110 

ID.8S 

154 

«aWt 

13.375 

107 

copper 

11875 

35 

•      ff"-   : 

7-07S 

G3 

18-5 

100 

lime 

14.875 

119 

nu«neH-.    - 

18  75 

10« 

maiiKBoeie 

13.085 

109 

uidul 

14.5 

116 

•traDtisn     - 

80.185 

161 

line   - 

9.875 

79 

10.85 

130 

Muilmtie  add 

4.085 

37 

.Oxalic  J 

N 

Olid  ol 

N»phth»      .        .         - 

5.85 

42 

NapbAalliiB         -        ■ 

1.85 

Nickol         .         -        - 

3.85 

80 

Nitrtwofwiminiia      ■ 

10 

ao 

htrjtf         . 

10.5 

132 

binnuth        • 

80.185 

101 

"  Tlumgb  Dr  T.  atiigtit  1.75  at  the  ataniic  weight 
it  ihould  be  .875,  as  it  Kenu  to  be  a  conpouod  of 
(.75-|-.lSS^.875.)or,  according  to  the  hydruganii 
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ATOMIC  WaiOHTS. 

Phosphorous  add 

ATOIUO  WaiGBTB. 

Oxy.  =  1 

Hyd.s  1 

Oxy.  ss  1 

ttyd..! 

Ozigen        -        .        . 

1 

8 

2.5 

M 

Phosphorus 

1.5 

IS 

Phosphuret  of  carbon   - 

2.25 

18 

P 

sulphur 

3.5 

28 

Phovphuretted  hvdrogen 

1.625 

IS 

Palladium    ... 

7 

56 

Picrotoxia  •         -         . 

45 

860 

Perchloric  acid     . 

11.5 

92 

Platinum     ... 

12 

96 

Perchlorid  of  iron 

12.5? 

104» 

Potash         ... 

6 

48 

phosphorua 

10.5 

84 

sulphate  of  alumina 

60.875 

461 

tin 

16.25 

130 

tartrate  of  soda 

35.5 

»84 

Ptemitrate  of  mercury 

33.75 

270 

Potassium 

5 

40 

Periodid  of  mercury 

40.5 

448 

Protiodid  of  mercury    . 

40.5 

884 

phosphorus 

32.5 

260 

Protochlorid  of  phospho* 

Pntudd  of  antimony     . 

75 

60 

rus       ... 

6 

46 

barium 

10.75  .» 

86 

tin       - 

11.75 

84 

cerium 

7.75 

S8 

Protohydrate  of  sulphuric 

cobalt 

4.75 

33 

add      ... 

6.125 

48 

gold 

28 

224 

Protosulphuret  of  anti- 

iridium 

5.75? 

mony    -        -         . 

7.5 

6 

iron 

5 

40 

arsenic 

6.75 

5 

lead 

15 

120 

iron 

5.5 

44 

mercury     . 

27 

216 

mercury 

27 

816 

nickel 

4.75 

38 

platinum 

14 

118 

platinum     . 

14 

112 

potassium 

7 

56 

potassium  . 

8 

64 

Un        - 

9.25 

74 

rhodium 

7^ 

60 

Protoxid  of  antimony   • 

6.5 

58 

sodium 

4.5 

36 

azote 

3.75 

88 

tin     - 

9.25 

74 

luirium 

9.75 

78 

uranium     • 

28 

224 

cerium 

7.15 

68 

Permlphate  of  mercury 

33.25 

256 

chlorine 

55 

44 

Pfemilphuret  of  copper 

8 

64 

chromium 

4.5 

86 

gold 

31 

248 

cobalt 

4.25 

84 

iron 

7.5 

60 

gold 

26 

808 

lead 

17 

136 

iron 

4.5 

J6 

mercury 

29 

232 

lead 

14 

118 

platinum 

16 

128 

manganese 

4.5 

86 

potassium 

15 

120 

mercury     - 

2« 

806 

tin 

1125 

90 

nickel 

4.15 

84 

Phoq»hate  of  alumina  - 

9.125 

73 

platinum 

13 

104 

ammonia 

7875 

63 

potassium   - 

« 

46 

harytes    - 

13.25 

106 

rhodium 

6.5 

58 

bismuth 

16875 

135 

sodium 

4 

88 

cadmium 

12.025 

101 

tin      - 

6.25 

68 

cobalt 

10 

80 

uranium 

27 

816 

copper     - 

9.625 

77 

inm 

11.375 

91       ! 

lead 

175 

140 

Q 

lime 

7 

56 

magnesia 

13.875 

111 

Quadrochlorid  <^  azote 

19.75 

156 

mercurv 

• 

29.5 

236 

Quadrosulphuret  of  potas- 

nickel 

11.125 

89 

sium     .        -        . 

13 

104 

potash     • 

10.625 

85 

Quadroxalate  of  potash 

31.875 

855 

silver 

18.25 

146 

Quadroxid  of  chlorine  - 

S.S 

6S 

toda 

21 

168 

Quintosulphuret  of  pota.5. 

strontian 

11.125 

89 

■ium     .        •        - 

15 

180 

sine 

11 

88 

PhdiplUMic  add    - 

3.5 

28 

VOL.  II. 

I 

• 

1 
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1      ATOMIC  WXIOHTB. 

Sulpbate  of  cerium 

ATOMIC  WBI6BT 

B 

Ory.-7 

Hyd.  =  7 

Oxy.  =  1 

Uvd. 

• 

15^25 

W 

Bf Igft" 

6.T5 

54 

cobalt 

17-125 

131 

BedoddofleU 

14..S 

116 

copper 

1&625 

\n 

Kbodinr    - 

5.5 

44 

iron 

17^75 

13fl 

lead 

19 

152 

lime 

1076 

86 

8 

Hthia 

8.376 

67 

magnesia    - 

16^76 

12a 

Sacbctita  of  ammonia 

16.25 

130 

manganese 

16.1S6 

121 

■oda 

.       22.625 

181 

mercury 

33  26 

2« 

BaelaetlatGid 

-       13 

104 

nickel 

17125 

13^ 

SeleiiiaHid 

7 

56 

platlnnm    - 

19 

\5i 

BeUnion    - 

5 

40 

potash 

11 

8f 

BeleiiieC«f  anenie 

9.75 

78 

direr 

19-76 

15« 

jSelcnlectod  hjrdrogeii 

5.125 

41 

soda 

t0.t5 

162 

Potqoicaibmiaie  of  am. 

• 

struntiaa    - 

11.6 

oa 

7875 

59 

yttria 

20.S6 

83 

f        30.125 

241 

zinc 

1&IS6 

14J 

|N>taah 

16.875 

135 

Sulphodiyazic  add 

7.S7SP 

61 

soda 

10.375 

83 

Sulphur       ... 

9 

U 

fiet^khkrida  of  iron 

10.25 

82 

Sulphurec  of  antfanony 

7^ 

6C 

Baifniiilicate  of  copper 

9.125 

73 

arsenic     • 

6.76 

64 

•oda 

7 

56 

barium     • 

10.76 

m 

fWnqnlinipliniet  of  arte 

mio     7.75 

62 

bismuth   - 

11 

m 

iroi 

1         6.5 

52 

cadmium 

9 

73 

tin 

10.25 

82 

calcium    - 

45 

M 

SoMfaiialpIiata  of  urani 

um   40 

320 

cerium 

IK.f6? 

m 

es     51.75 

414 

chromium 

6^ 

44 

Silioa 

2 

16 

cobah 

ft.t9 

43 

9ilieate  oi  almiina 

4.25 

34 

cdumUum 

20 

161 

iron    - 

6.5 

52 

coppctr      • 

0 

41 

sine 

7.25 

58 

iron 

6.6 

44 

Silicon 

1 

8 

lead 

15 

120 

surer 

-       13.75 

110 

lithium     • 

3.26? 

26 

Soda    . 

4 

32 

magnesium 

S.5 

28 

Sodium 

3 

24 

manganese 

6.6 

44 

$tardi 

-       1775 

142 

mercury   • 

27 

216 

Strontian     - 

65 

52 

nickel 

5.25 

43 

Strontiam 

5.5 

44 

palladium 

9 

7S 

Strydmia 

-       47.5  ? 

380  ? 

platinum 

14 

112 

Sub-bichloride  of  tulplii 

ir       8.5 

68 

potassium 

7 

56 

Suboxid  of  copper 

9 

72 

rhodium  - 

7.5 

OD 

manganese 

4 

32 

silrer        - 

I6.75 

126 

SabplioephareUed  hydn 

9- 

sodium     - 

6 

40 

gen 

1.25 

10 

strontium 

7.6 

66 

Subsetqnaoetate  of  copp 

er    17.125 

137 

tin  - 

9.26 

74 

Subteaqnaneniate  of  let 

id     28.75 

230 

titanium  • 

6 

• 
48 

10.625 

85 

uranium  - 

28 

224 

lead 

20.25 

162 

zinc 

6.26 

50 

soda 

17 

136 

Sulphuretted  hydrogvn 

2.125 

17 

Suocmicaad 

6.25 

50 

Sulphuric  acid 

5 

46 

Sugar 

Sulphatt  of  alumina     - 

10.126 
16.125 

81 
121 

ether    - 
Sulphurous  add   • 

4.626 

4 

37 
32 

8.25 

66 

baryten 

14.75 

118 

T 

bismvth 

15 

IfO 

' 

cadmium     . 

17.5 

140 

Tannla        -       w-    .  •  ^ 

S7AP 

76 
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ATOMIC  WJBIOBTS. 

Tritiodid  of  aiote 

ATOMIC  waioars. 

' 

Oxy.  «  1 

Hyd.  a  1 

Oxy.  «  1 

Hyd..] 

rtrur  emetic 

44.26 

364? 

37.26  ? 

298? 

Hutaric  acid 

8.26 

66 

Tritoxid  of  chlorine     - 

7.6 

ciyitaU     - 

9.376 

76 

Tungttate  of  lead 

32.75 

292 

raitnte  of  alumina     - 

1 1.6?6 

93 

soda 

295 

29t 

ammonia    - 

10.376 

83 

Tungsten    •        .        • 

15.76 

126 

barftet 

18 

144 

Tungstic  add 

18.75 

150 

bi«mnth 

23.976 

191 

cadmium    - 

1&6 

148 

cobalt 

14.76 

116 

U 

copper 

16.026 

133 

iroD 

15 

120 

Uranium      •        .        • 

26 

208 

lead 

22.25 

178 

Urate  of  M)da 

14.126 

118 

I  • 

lime 

16.26 

130 

(Jric  add 

9 

n 

i  » 

magnesia    - 

13 

104 

crystals 

11.25    : 

■■    $0 

• 

mangmnese 

16 

120 

1  .-. . 

mercurr     - 

34.25 

284 

fu-' .» 

^    t 

nickel 

12.6 

100 

W 

.     *'.!«■■ 

potaih 

16.5 

132 

i   ''  i  >    silver 

23 

184 

Water         .        •        . 

1.126 

9 

1       .1;      soda  -        m 

14.6 

116 

j      ;t  •     strondan    • 

18.126 

146 

Y 

'^'iiiAfi »  1 

■ 

.       t,     xinc   . 
etnmted  hydrogen 

13.5 
4.126 

108 
33 

Yttria          ... 

6.25 

42 

>'  ' 

afniiain   •        .        • 

4 

82 

Yttrium       .        .        • 

4^25 

.  ..-.94 

»    • 

&I       V.      • 

7.26 

68 

it^nUs«cid 

6 

48 

iflinlwi    .        •        • 

4 

32 

Z 

ritarWnate  of  blmuth 

86 

280 

* 

rtaitipte  of  aliuniiia 

20.26 

162 

Zinc   .        .        .        • 

4.25 

84 

rfeUicate  of  iron 

10.6 

84 

Ziroonia      •        •        • 

6 

48 

28.6 

228 

Ziroodmn  .        *        • 

6 

40 

Instead  of  having  substances  arranged  as  in  the  preced- 
ing table,  if  they  be  placed  in  the  order  of  the  weights  of 
their  atoms,  and  the  numbers  denoting  these  be  put  on 
a  slide,  divided  by  them  in  the  same  way  as  in  Gunter^s 
scale,  a  great  deal  of  useful  information  is  derived  from 
it,  and  much  labour  is  saved.  This  constitutes  the  Scaitt 
f/*  Chemical  Equivalents^  the  ingenious  contrivance  of  Dr 
WoUaston.  It  consists  of  a  slide,  with  the  numbers  ar- 
ranged as  already  mentioned,  and  the  fixed  part,  on  whlob 
are  placed  the  names  of  bodies  much  used  in  analysis,  to 


;••  •■ 


»i." 


.  *  la  the  aboTS  table,  osigm  is  taken  is  1.  If  it  is  wished  to  call  it  16,  all 
iM^t  is  necessary  In  adapting  the  nvmbers  of  other  bodies  to  it,  !s  to  mote  the  5i^' 
dmal  point  in  the  oxigen  odumn  a  figure  to  the  rig^t;  or,  while  then  is  ap(i, 
one  figure  and  no  dedmal,  to  add  a  Thus  ilnc,  insftnd  of  NPf  i»t^  wUl.hir 
41.5 ;  and  dmmla,  mstead  of  6,  wiU  be  69. 

li« 
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tituated,  lliat  when  the  standi 
«re  immediately  opposite  the  i 
mic  T^ghL     The  uses  of  this  s 

lit,  IVe  at  once  find  the  comi 
bodies. — Thus,  oxigen  being  at 
10  of  the  former  and  30  of  thi 
of  the  resultiDg  compouad,  sot 
number  denoting  sulphur  is  90, 
ia  the  proportions  of  10  and  £ 
acid.  But  sulphur  combines  v 
-  oxigen,  so  that  20  combine  vi 
sulphurous  and  sulphuric  acii 
bine  with  compounds,  it  is  ace 
portions ;  thus  40  of  soda  unit 
and  sulphate  of  soda  is  opposit 

Sd,  We  find  the  proportions 
'  pound*. — Phosphate  of  potassa, 
and  by  looking  fur  pbosphorii 
potassa  at  60,  so  that  95  of  thi 
60  of  alkali.  Opposite  potass 
;  tassa  consist  of '50  of  base  anii 
phosphorus^  is  15,  so  that  85  o 
of  base,  the  remainder,  30,  i 
scale  is  10,  hence  the  acid  mu 
ruB,  and  2  of  oxigen. 

ad,  We  find  the  quantity  of  c 
composition  of  anoMcr.;— Thus, 
site  63.5,  tartaric  acid  opposite 


"  As  Ihe  scale  would  be  Inconvmilent] 
mediauly  oppnitM  their  uotnio  numben 
aumbar,  BmltiplM  hj  10.  Thai,  csrba 
l.!6,  uumbera  not  <hi  the  slide,  ioMei 
12.5.  Heiice,  in  finding  the  compesitia 
number  given  by  the  icale  muit  b*  divii 
11.(6;  in  wishing  to  find  it*  rompodtii 
drogen  U  12.5,  but  the  Uit  mnK  be  i 
mutt  h«  brought  in  s  figure  to  the  left,  i 
fOKd  at  Migen  10  +  hydrogen  l.!S  s, 
hsve  10  pUcea  before  (hem. 


APPENDIX..  501: 

viU  unite  with  lime,  it  must  do  so  in  proportion  according 
to  the  number  applied  to  it,  which  is  36;  but  63.5  x)f  car- 
bonate contain  36  of  lime,  so  that  8S.5  of  tartaric  acid 
will  decompose  6S.6  of  carbonate. 

•  ^thy  We  find  the  quantity  of  the  newly  formed  products*^-- 
In  the  instance  given,  82.5  of  tartaric  acid  being  added  to 
63.5  of  carbonate  of  lime,  the  products  are  118.5  of  tar- 
trate of  lime,  and  27.5  of  carbonic  acid. 

These  remarks  apply  also  to  the  decomposition  of  com- 
pounds by  compounds.  Thus,  90  of  sulphate  of  soda,  re- 
quire 165  of  nitrate  of  baryta,  and  the  products  are  \^£ 
of  sulphate  of  baryta,  and  107.5  of  nitrate  of  soda. 

5/A,  Since  the  part  with  the  numbers  is  moveable,  instead 
of  always  keeping  the  same  opposite  the  different  bodkp^ 
we  may  place  any  numbers  to  them,  and  thus  we  are  €•►• 
abled  to  find  Hie  composition  of  any  quantity  of  a  compound^ 
or  the  quantity  of  a  body  necessary  for  tJie  decomposition  f^ 
any  qiuintity  ofanotlieT. — If  for  instance  the  slide  be  push- 
ed dp  till  20  is  opposite  oxigen,  (twice  its  original  numbei^) 
it  will  be  observed  that  the  numbers  opposite  all  other 
bodies  are  also  doubled.  If  30  be  put  opposite  it,  other 
substances  are  trebled*  If  the  slide  be  brought  down  tUl 
10  is  at  sulphur,  (half  its  original  number,)  the  numbers 
of  all  others  are  reduced  to  a  half,  and  so  on  ;  by  whatever 
number  we  multiply  or  divide  any  one  substance,  by  mov- 
ing the  slide  upwards  or  downwards^^  wi^  ipultjply  or  divide 
all  others  exactly  in  the  same  ratio.  Suppose  now,  that  we 
wish  to  find  the  quantity  of  sodium  that  16  of  oxigen  will 
unite  with.  Having  moved  the  slide  up  till  16  is  at  oxi- 
gen, sodium  will  be  found  opposite  48,  so  that  16  of  the 
former  unite  with  48  of  the  latter,  and  produce  64  of  soda, 
opposite  which  soda  will  be  found.  Again,  suppose  we 
wish  to  find  the  proportions  of  the  ingredients  of  64  of 
phosphate  of  potass.  Having  brought  the  slide  down  till 
64  is  opposite  it,  we  find  phosphoric  acid  at  23.5,  and  po- 
tass at  40.5,  so  that  these  are  the  proportions  of  the  ingre- 
dients. In  the  same  way,  by  placing  the  number  denoting 
the  weight  of  any  compound  opposite  its  name  on  the  scale, 
the  proportion  of  any  simple  or  compound  necessary  for  its 
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decompontiaa,  mad  the  quantity 
pounds  are  ascertained. 

6A,  We  amjTtd  the  equivaUfi 
it,  if  we  have  a  certain  quantity 
certain  bow  much  sulphate  of  Ui 
•ulpbate,  the  acid  in  it  would  fi 
carbonate  of  mda,  or  at  tmyi 
the  sulphate  would  yield.  If,  fi 
ha«  yidded  by  evaporation  7S  o 
■annate  ef  loda,  but  we  nLf^NMi 
water  a>  muriate,  having  put  7* 
we  find  iu  composition  to  be  41. 
the  quantity  of  muriatic  acid  i 
cBubine^  is  denoted  by  the  nu: 
99^  BO  that  1%  of  sulphate  of 
c^  muriate,  (30.2  of  lime  +  9Q,t 
ih*  quantity  of  soda  with  which 
be  in  unicHi,  is  also  pointed  out 
Is  S6>4£,  so  that  72  of  sulphate 
mas  of  snlpbato  of  soda,  <4l.C 

Dr  Wollaston  baa  chosen  oxi( 
it  10,  but  with  the  same  scale  t 
be  taken.  All  that  ia  nacenary 
till  10  ia  at  bydioga,  and  tb« 
site  th«r  atomic  numbers.  (3m 
Iwton.  Phi  Tn  1014.> 
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GLOSSARY. 


Alkali,  (from  the  Arabic  aly  kaU^  the  salt,)  a  nama 
originally  given  to  the  salt  (carbonate  of  potass,)  pro- 
cured from  certain  vegetables,  but  now  applied  to 
potassa,  soda,  and  ammonia ;  and  hence  also  >^; 

ALKALIFIABLE,  which,  in  its  most  extended  signifi* 
cation,  means  a  substance  generating  a  compound,  fh^l^ 
with  others,  forms  salts. 

ANALYSES,  («v«Xtf«r,  to  separate,)  decomposition  or  sepiu 
ration  of  the  ingredients  of  a  compound. 

ANHYDROUS,  (m,  priv.  v>«(,  water,)  a  term  attached  to 
the  namef  of  bodies,  to  shew  that  they  do  not  contain 
water. 

BAROMETER,  (b«^,  heavy,  and  fur^h  a  measure,)  an 
instrument  for  measuring  the  pressure  of  the  air. 

CALORIC,  (from  the  Latin  calar)^  a  teim  employed  to  4i^ 
note  the  agent  by  which  heat  is  produced. 

CALORIMETER,  (calor,  and  ^c*^  a  measure,)  an  in* 
strument  invented  by  Lavoisier  and  Laplace,  for  as- 
certaining the  heat  given  out  by  bodies. 

CALX,  a  term  used  to  denote  the  oxids  of  metals,  from 
their  being  more  spongy  than  the  metals  themselves. 

CHLORINE,  (x^c*f9  gr^n?)  so  called  from  its  greenish 
colour. 

CREOPHYRUS,  (K<v«f,  cold,  and  ^$^,  to  bear,)  an  instru« 
ment  contrived  by  Wollaston,  for  shewing  the  gene- 
ration of  cold  by  evaporation. 

CYANOGEN,  (»v«m(,  cseruleus,  and  ytfwuv,  to  generate,)  so 
called  from  its  generating  compounds  of  a  blue  colour. 


MM  GLOSSARY 

DBC&EPITATION,  {prepitOy  t 
with  a  crackling  noise,  vben 
noa  of  their  water  into  vapoi 

DELIQUESCENCE,  (dcfi^unn 
absorbing  moisture  when  exp 

DEFLAGRATION,  a  term  app 
the  action  of  bodiet  containin 
hj  which  they  burn  as  in  air 

BFFEEVESCENCE,  (egeroetn 
ongageiBcnt  of  a  gu  from  a 
lb*  actios  of  a.fluid. 

BFFLOBESCENCE,  (effloraoc 
■alts  losing  their  water  of  cr 
ing  a  dry  powder. 

ELECTBICITY.  {nur^  ambei 
■tasce  fint  found  to  excite  el 

EUDIOMETRY.  (»,  btiu,  and 
nally  to  denote  a  process  for 
air,  the  atnMaphere  being,  a 
contain,  in  different  places, 
oxigen,  or  the  pure  part  of 
but  oow  used  to  signify  the 
oentl. 

HYDRATE  and  HYDROUS,  { 
ed  to  f>thet  words  to  shew  tfa' 

HYDUO,  a  term  attached  to  the 
.     that  they  contnn  hydrogen. 

HYDROGEN,  (j»^  water,  y.^^ 
its  union  with  oxigen,  it  fom 

HXGROJiETERS,  (fty^,  humic 
ascertaining  the  state  of  the 
to  moisture. 

HYFER,  (^.1^  above,)  a  term  > 

other  bodies,    to  shew  that  a 

in  larger  quantity  than  in  tbs 

>     is  fixed  ;  hyptr-ehlorie  add  ha 


GLOSSARY. '  «0& 

HYPO,  {;m^  under^)  a  term  aUached  to  the  namatltf 
bodies^  to  ihew  that  one  of  the  ingredients  is  in  less 
quantity  than  in  that  the  name  of  which  it  is  attached 
to ;  thus,  hypojniirous  acid  has  less  oxigen  than  n%trofU$. 

IODINE,  {$mi^i  violaceous,)  so  called  from  the  colour  of 
its  vapour. 

MENSTRUUM,  (m^n^i^,  a  month,)  a  fluid  used  for  dissolv- 
ing a  wcMdy  so  called,  because  in  many  cases  aoottdk. 
derable  time  was  required  to  complete  the  solution. 

MORDANT,  {mordeoj  to  bite,)  a  subsiance  used  to  fii;, 
colour  on  cloth,  so  called  from  the  idea:of  ^ita.  diliflg* 
it  in. 

NASCENT  STATE,  {naaco,  to  be  born,)  a  term  uaedlo 

denote  when  a  body  is  just  set  free  from  another  with. 

which  it  was  in  union,  being  as  it  were  then  brougkt 

into  existence. 
NEUTRALISATION,  {neuierj  neither,)  when  one  body. 

has  combined  with  another,  and  the  properties  of  both 

are  destroyed. 
NITROGEN,  {nitrey  and  ytmm^  to  generate,)  because  by  its. 

union  with  oxigen,  it  forms  nitric  acid,  a  component 

part  of  nitre. 

OXIGEN,  (•{vf,  acid,  ytfmm^  to  generat«,)  £ron  ^  its  being 
supposed  to  be  the  generator  of  water.  >  ^ '  (U 

OXID,  a  substance  containing  axigeo,  not  liaviiig  acfdl 
properties.  i  ^   • « .  v  i.  /"  U 

'     •      i  y-  .      .; 

PHLOGISTON,  (4)x«{,  flame,)  the  supposed  'pAtid^bi 

heat  and  light  of  Stahl. 
PHOSPHORESCENCE,  {tpm^^  lights  and  p^^  the  emisdon 

of  light,)  hence  also  phosphorus.  Vli 

PNEUMATIC,  (vNv^M,  air,)  of  or  belonging  Co^air  ;  pneif- 

matic  trough,  pneumatic  chetmatry. 
PRECIPITATION,  (predpUo,  to  throw  down,)  the  for- 

mation  of  a  solid  by  the  action  of  fluids,  the  solid  fait-, 

ing  to  the  bottom. 
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PYRO,  (»(,  fire,)  a  term  attael 
bodies,  to  shew  that  tbey  h 
action  of  fire;  j/yro-Ugnam 
wood  by  exposure  to  a  stron 

FVHOMETER,  (*.;.  fire,}  an  i 
high  temperatures. 

SATURATION,  vhen  a  fluid  h 
can  of  a  solid,  it  is  said  to  h 

SOLUTION,  (totvo,  to  loosen,) 
and  fluid,  the  former  becomi 

SYNTHESIS,  (..mV^  to  put  t 
dies  by  chemical  attn 


THERMOMETER,  (i.,^  hes 

an  instrument  for  ascertainii 

— DIFFER! 

pointing  out  the  difference  b 


'  CENTIG] 

the  space  from  die  fteexing  I 
Tided  into  100  degrees. 

^ BEGI8T 


bigliest  or  lowest  t'emperatui 
THEBMOSCOPE.  {h^,  hart, 
atniment  ccmtrJTed  by  Leslie 
of  radiant  heat. 


VITRIOLS,  (eHrcMi^  gla8i,)bo 

pearance. 
VITRIOL,  oilofj   sulphuric  aci 
ristence  got  Rdm  green  vitrit 

WATERY  FUSION,  salts,  whe 
iog  fluid,  from  thejr  bong  di 
ciystalliKadon,  to  distinguis 

alone. 

XANTHOG£I«,  (MW,  Mid  v*nm. 
from  the  yellow  cdour  of  son 
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Acetates,  ii.  924. 

of  alumina,  226. 
of  ammonia,  225. 
of  baryta,  226. 
of  copper,  227* 
of  iron,  tt6, 
of  lead,  227. 
of  potaasa,  t2S. 
of loda,  22ft. 
of  dhc,  229. 
Aeetous  fermentation,  ii«  IM. 
Addifyini^  prindj^Uw,  u  171. 
Adda,  i.  282. 

oompodtlon  of^  i.  284. 
division  of,  i.  284. 
nomenclature  of,  i.  284. 
Adduloui  mineral  waters,  ii.  419 
Acominated,  L  121. 
Adipodre,  ii.  288. 
Aerial  add,  i.  294. 
Aerometer,  I  69* 
Affinity,  i.  124. 

ehmm  pradueed  by,  i.  128. 
divellent,  L  142. 
double  dectire,  i.  142. 
BMMore'oribnMr  df,  i.  138. 
modified  by  other  powers,  i. 

180. 
dtwlo  dMCfre,  il  190. 
quletoent,  i.  142. 
table  of,  a.  481. 
Air,  atmospheric,  L  102* 
AhibMter,  U  402. 
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Albumen,  ii.  274. 

indpient,  iL  309. 
Alcohol,  ii.  144. 

quantity  of  in  fluids  of  diflfe- 

rent  sp.  gr.  ii.  488. 
quantity  of  in  wines,Jtcil.489 
of  sulphur,  i.  25a 
Ale,  il.  141. 
AlkaUfiable  bodies,  i.  34i    : 

dasdficAtMli  4ir,  L  882. 
Alkali,  volatile,  i.  877- 
AlkaUes,  i.  872. 

division  of,  i.  37^. 
fixed,  1.  372. 
vegetable,  ii.  261. 
Alloyi,t885. 

antimony,  iL  70. 
bismuth,  108. 
cadmium,  117* 
copper,  88* 
gold,  85. 
palladium,  107* 
plalinum,  103. 
silver,  88. 
tin,  8^. 
dnc,  46. 
Aloes,  U.  196. 
Alum,  i.  494 
Alumina,  L  493. 

how  prepared,  i.  497- 
Aluminum,  i.  488. 
Amadou,  i.  86. 
Amalgams,  U.  61. 

ammoniacal,  i.  380,  and  ii.  S88L 


^if 


riv 


/f 


Ambergiiiy  ii.  308^ 
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Bidmuth,  ii.  107. 

aUoys  of,  ii.  lOa. 

salts  of,  ii.  lOa 
Bitter  principle,  ii.  349. 
Bittern,  i.  483. 
Bitumens,  ii.  305. 
Black  lead,  i.  ^8. 
Bleaching,  i.  454. 

compound,  i.  450. 
Blende,  ii.  42. 
Blood,  ii.  282. 

clot  of,  ii.  285. 

colouring  matter  of,  ii.  285. 

serum  of,  ii.  284. 
filow-pipe,  i.  90. 

oxi-hydrogen,  i.  197* 
Boiling  point,  how  aiSfected,  i.  69* 
Boletic  acid,  Ii.  249. 
Bones,  ii.  343. 
Borates,  i.  406. 
Boracic  acid,  i.  305. 

how  prepared,  i.  407. 
Borax,  i.  406. 
Boron,  i.  245. 
Brain,  ii.  342. 
Brandy,  11.  143. 
Brass,  ii.  45. 
British  gfum,  ii.  167: 
Bromine,,  ii.  458. 
Bromic  add,  iL  459. 
Bronze,  ii.  39. 
Brucia,  ii.  257. 
Butter,  ii.  310. 

milk,  ii.  310, 

of  antimony,  ii«  66. 
Butyric  acid,  iL31L 
Butyrin,  iL  311. 


Cadmium,  ii.  116. 

salts  of,  iL  117. 

Caffein,  Ii.  219. 

Calamine,  ii.  43. 

Calcareous  fossils,  L  458. 

Calcium,  i.  445. 

Calcination,  i.  348b 

Calculi,  biliary,  ii.  307. 
urinary,  iL  330* 

Calico-printiiig,  ii^  354. 

Calomel,  ii.  52. 

how  prepared,  iL  59. 

Calorie^  i.  1« 

absolute  or  ipedfic,  i.  53. 
cap«ciU«a  of  bodies  for,  L  51 1 
communioation  of^  L  26^ 
conducdob  ti,  U  12f. 


Caloric,  effects  of,  L  4.  nff^A 

expansion  prodneed  by,  )•  4i^  - 
in  gases, !.  5. 
Bqnids,  i.  5. 
solids,  i.  4« 
uses  of,  i.  11. 
fluidity  produced  by,  i.  57*- 
latent,  L  60. 

quantity  of  in  bodies,  L  5L 
radiation  of,  i.  36. 
sources  of,  L  84. 
Calorimeter,  i.  21. 

Calx,  L  348.  "  *" 

Camphor,  iL  190.  ' 

Camphorated,  ii.  191. 
Camphoric  acid,  ii.  191. 
Canton^s  phosphorus,  L  106.      .     . 
Caoutchouc,  ii.  195. 
Capillary  attraction,  i.  If3.  ^ 

Capacity  for  caloric,  L  51.  ■''<> 

table  of,  ii.  475. 
Capric  acid,  iL  311.  <   <^ 

Caproic  acid,  iL  311.  ^ 

Carbazotic  acid,  IL  350.  ' 

Carbon,  L  219. 

Carbonates.  L  396.  ^ 

of  ammonia,  L  403L 
of  copper,  tt.  24. 
of  iron,  ii.  8. 
of  lead,  iL  90; 
of  manganese,  ii.  7i> 
of  potaasa,  LS|7« 
of  soda,  L  40tfi  '* 

of  sine,  iL  4itt    ^     * 
Carbonic  add,  i.  292.       ^' 

tests  of,  iL  422. 

oxid,  i.  226.       .  .  i^ 

Carbo-sulphurets,  L  442.  *  •    t'^^ 

Carburets,  i.  350.  ^-  A 

of  iron,  iL  4  '  ^ 

Carburetted  hydrogen,  L  231. 
Carmine,  ii.  356.  ■-  ■■* 

Carron  oil,  ii.  183.  A 

Cartilage,  iL  344.  ^A 

Caseic  add,  ii.  SIS.  .  -  ih.^ 

oxid,  ii.  313.  ^^ifv^ 

Casein,  or  caseous  matter,  IL  Stlii/  , 
Cassius,  powder  of,  If .  84,  ^ 

Catechu,  ii.  200. 
Cathartin,  ii.  2ia 

Caustic,  lunar,  iL  91*  '^\ 

Cements,  L  469. 
Cerin,  ii.  176. 

Cerium,  ii.  118.  / 

Ceruleo-culphat^,  ii  8501.  / 

Cerulin,  ii.  360*  <    -  f 

Ceruse,  ii.  81.  •  /  .•[  j,  , 

Chalk,  L  458.  ^i^i*  t , 

Chalybeste  wtten,  IL  4l9c  .n  A 


Chameleon  mioer^,  ii-  76. 
Charcwal,  1. 1\9. 

uiuiial,ii,  3U. 

tued  for  deooloriiliigi 
LK3.iLt5t.  and 

ckMw,  ii.  sit. 

Cbraioal  Ktlan,  !■  1M> 

Oiemiitry,  analvtu,  ii.  415. 

anJnial,  Ii.  ML 

vegeublB,  ii.  131. 
ChlontM,  L  411. 

■nUDonia,  1.  4Ih 

bu7U,l.4Tft. 

potMM,i.411. 

Mda,i.4U. 


GUfric  wU,  i.  3W, 

'I  bM  obt^ned,  i.  t' 


n4d,< 
kdiiu 


-wobt^nod,!.  JT8. 
CKIorid  ot  aotimaaT,  U.  M- 
bariiun,  L  4TT. 
e>lduia,L4««. 

[dd,  it  SI. 
oHm,  i.  ITS. 
lwd,U.S3. 
Iiit>e,LW9. 
UBiviuy,  II,  tS. 
uibwBii,  L  Kl. 
ptuMpbonu,  I.  304. 
pbtinum,  a.  100. 
[0uiiua,  iL  369i 
I,  L  I7S. 
•r,  il.  B*. 
hiu,LSTl. 
ttrondnm,  L  494- 
Rilphor,  L  t99. 

tin,  ii.  da. 

CUorinc,  I.  354. 

how  prapand,  ii-  Td. 
^MKid  of.  L  357. 

low  obuUued,  L  413. 
peroxid  of, !.  1S9. 

how  obt&inad,  i.  414. 
uie  In  blewhlog,  i.  UO. 
Chl«riodic  add,  i.  ITS. 
Chloio-carboiiic  add,  i.  148. 
CUoro^cruiic  add,  L  344. 
CUorureU,  ftee  CMondi.J 
Choleaterine,  ii.  307. 
Cliolic  add.  ii.  30S. 
Chromatet,  ii.  ISC 

iron,  ii.  113, 
lead,  ii.  lis. 
mercury,  Ii.  133. 
potaaa,  U.  Itt. 
rilver,  H.  IfS. 
ChromB  iron  ar«,  11.  18S- 
Chronc,  j^iijw,  ii.  Its. 


IKDEX. 


^l 


Currying,  ii.  269. 
Cuticle,  ii.  S39. 
Cyanic  acid,  L  S24t* 

how  fonned,  ii.  16. 
Cyanids,  i.  353. 
Cyanogen,  i.  278. 

how  prepared,  il.  18. 
Cyanurets,  i.  353. 

of  mercury,  ii.  19. 

how  prepared,  ii.  17. 
of  potajwium,  i.  441. 
Cystic  oxid,  ii.  365. 


Daniel's  pyrometer,  i.  tO, 
D^oomposition,  i.  125. 

double,  I.  14f. 

•ingle,  i.  139. 
Decrepiution,  i.  359. . 
Definite  proportiom,  L  152. 
Deflagxmtion,  L  384. 
Deliquescence,  L  359. 
Delphi  a,  ii.  258. 
Derby  spar,  I.  27.7. 
Derivatire  form,  I.  122. 
Dephlogisticated  air,  i.  172. 

Derosne,  salt  of,  ii.  251 254. 

Detonating  halls,  ii.  69. 

mercurv,  ii.  60. 

silver,  li.  93. 

gold,  ii.  82. 
Diamond  •  i.  238. 
Differential  thomometer,  i.  13. 
Distillation  in  general,  i.  81. 

of  whisky,  ii.  142. 
Dutch  leaf,  ii.  46. 
Dyeing,  ii.  357. 
Dye  stuffs,  ii.  347. 


£ 


Earths,  i.  444. 

£arthen  ware,  L  508. 

Efflorescence,  L  359. 

Egg  shells,  ii.  346. 

Eggs,  glair  of,  ii.  274. 

Elain,  ii.  181. 

Elasticity  modifies  affinity,  i.  133. 

Elagic  acid,  ii.  249. 

Electrical  conductors,  ii.  372. 

discharger,  ii.  368. 

eel,  ii  373. 

jar,  ii.  368. 

machine,  ii.  362. 

pistol,  ii.  3701 
Electricity,  H.  360. 


Electricity,  animal,  ii.  5t6. 

ati^ospheric,  ii.  373. 
galvanic,  ii.  377. 
voUiUc  U.  377. 
Electro«chemical  theory,  ii.  401. 
Electro-magnetism,  ii.  406. 
Electro-negatives,  iL  400. 
positives,  ii.  400. 
Electrometer,  iL  366. 
Electromotors,  ii.  396. 
Elementary  partidas,  i.  114, 
Emetia,  ii.  259. 
Emetic  tartar,  iL  235. 
Empyreal  air,  L  1 71. 
Enamel,  L  507. 
Epsom  salts,  L  489. 
Epidermis,  ii.  339.    . 
Equivalents,  chemiqJ|  fcale  o^  d. 

table  of,  ii. 
Erythric  add,  iL  329. 
Erythrogeui  ^  307. 
Essentisd  oils,  iL  186. 

salt  of  lemoni^  |i.  239* 
Ether,  U.  15a 

acetic,  iL  2t9. 
muriatic,  U.  156. 
nitric,  ii.  154. 
sulphuric,  iL  151. 
Ethiops  mineral,  ii.  51* 
Euchlorine,  L  257. 
Eudiometer,  HopeX  ^  ^^ 
Ure's,  i. 
Volu't, 
Eudiometry  by  spoi^ 

203. 
Evaporation,  L  W- 

spontaneous,  i.  190. 
Expansion  of  airs,  i.  5. 

liquids,  i.  5. 
loUdf,  L  4. 
$able  of,  il.  473. 
exceptions  to,  i.  22. 
uses  of  ,  L  t  L 
Extractive  matter,  ii.  204. 
Eye,  humours  <rf,  ii.  315u 


4nC 


F 

Farina,  ii.  166. 

Fat,  ii.  281. 

•  ..{ 

Feathers,  iL  341. 

Fecula,  iL  166. 

Ferment,  ii.  138. 

Fermentation,  iL  137. 

acetous,  iL 

156. 

putrefactive,  ii. 

l«>-.,rt 

vinous,  ii. 

13a. 

.111' 

Ferro-cyanatcs,  ii.  15. 

Ili^iuatin.li.  333. 


L  340. 

OgBW  » 


ii.  419. 


H>ii 

liar 

IlnruiiDni,  1.  37 1. 

ij«l,  ftte  Calorie.j 

animal,  u.  39£. 
HwTy  tpar,  L  Vti. 
Hoop,  lugar  from,  U.  1S6. 
UoltanilK,  li.  lis. 
Homberg'*  Pyropliorus,  L  490. 
Hardein.  11  174. 
Horn,  ii.  34£. 

UombeBm,  luftBrfron,  iL  IBS. 
Iliimoun.of  the.'Vi-,  iL31<. 
Hydr,  L  Hi. 
Hydruidi,  1.  S86. 

Mlt>  of,  L  44i. 


Hyd 


.nlkal 


i.  :!Ti. 


U  of,  i.  3«0. 
HydraM.  i.  285. 
HydriodBte),  i-  439. 

UDinonu,  1.  439. 


Uydro-uH'iic  «tl>er,  U.  13a 
Hydn>-)>ron>aU9,  ii.  40J. 
Hydnkbromlc  tai,  tL  419. 
Hydro-carlMa*,  ii.  tl3. 
Hydro-cliloratei,  (ue  Muriatn.) 
«ydr(w;liloricacid,  3.  330. 
Hydro-cyanktiM,  >.  140. 
HydioHTKuicocid,  i.  341. 

how  prei»nd,  IL  20- 
tMU  of,  ii  4A3. 
Hydro-ferro-cywiatet,  ti.  IS. 
Hydro.rerTp-CTUiic  acid,  IL  14. 
Hydro-fluoric  Bdd,  i.  33S. 

bow  obuinad,  ].  4j5. 
HydrosGD,  I.  183. 

how  obtained,  U.  9.— 4 
anwmirened,  i.  tV}. 
au-bureit«l,  i.  2%9. 
d«ut0Kid  of.  i.  tdt. 

Iiow  pPBpared,  i.  47!. 
pboiphuretted,  I.  >4I. 
MleDiU¥(t«l,  i.  331. 
tulphuretled,  L  3t6. 
telluretwd,  it  l?9. 
Hydrogen  luruji,  i.  iOO. 
Hydropiret  of  carbon,  L  219. 

of  phoaphonii,  i.  241. 


of 


i.  308. 


Hydro-iulphatev,  L  422. 
Hydro4u]pbilet,  1.  424. 
Hydro-Milpbo.ryaiuitn,  i.  441. 
Hydro-fulphuTBti,  I.  422. 


roxanthatw,  L  442. 
Hydroxanihic  add,  L  34J> 
Hygrometers,  1.  184. 
Hyper.oiicaurinte  of  pOtau,  ■.  41 
Uj-per^aiinurislli:  acid,  i.  331. 
Uypo.phoiplioroui  add,  i.  304. 
Hypo-nitroTi*  atid,  \.  292. 
Hypo-nilphuric  add,  L  320. 
Hypa.iulphitroua  add,  i.  319. 


1 

tgasuric  acid,  ii-  249. 
IgniLion,  \.  82. 
-   caiideiceiin',  i.  82. 
diRO,  it.  347. 
digugene,  ii.  3A2. 
flammablea,  L  17^. 
Ink,  ii.  201. 

iodelible,  IL  91. 
■ympathetic,  ii.  111. 
Initantatieoua  light-giving   lamp,  i> 
200. 

■yringe,  L  SB- 
InUgraot  particle*,  i.  I14> 
Inulin,  ii.  222. 
lodates,  I.  419. 
Iodic  add,  L  323. 
lodid  of  chlorine,  i.  273. 
of  nilroiren,  '-  *T2. 
of  phusphonia,  1.  iraMM^ 
of  tulpbur,  i.  3JS.   ^^H 
lodida,  metnllic,  i.  353.     ^^B 
Iodine,  i.  2ri.  ^" 

how  detected,  iL  421. 
how  obtained,  i.  439. 
•oiirMf  of,  \.  2T4. 


1,  ii.  1. 
carburet,  U.  4. 
feiTo-cyanatr,  U.  17. 
oxid*  <^,  <L  t. 
Miti,  ii.  T. 
■olpburet,  11.  0. 
teaU  of,  ii.  427. 
Itinglus,  U.  213. 
Ivory  blacking,  ii.  34S. 

uMd  for  doooloHiing,  L  223. 
■L  252,  444. 
M'a  powder,  II.  69. 
JeUy,  a  2«7. 


Kelp,  MU7  of,  IL  4H. 
Kiuic  add,  ii.  148. 
King'i  j^low,  i.  843. 
Kino,  ii.  too. 


Lac,  ii.  1T«. 
Lactic  add,  ii.  S14. 
Lake,  Ii.  tii—tSI. 
Lamp  of  aaTetf,  i.  !3<. 

without  flame,  ii  \S0. 
Lamp  blade,  1.  HI. 
Lampic  add,  ii.  IH. 
Lard,  ii  t\ 


Ma{ 


l^tei 
Latnitjoua  x 


i.  60. 


Lead,  iL  IS. 

teiU  oF,  ii.  4d0. 

tree,  tl.  4S. 
Leather,  ii.  269. 
Lamons,  add  of,ii.  til. 
•alt  of,  ii.  939. 
Leyden  jar,  ii.  368. 
Libaviui,  liquor  of,  IL  37. 
LiganHnu,  iL  34t. 
Light,  1.  103. 

chemical  nj  in,  i.  110. 

•aM*of,i.iis. 

iHKiiig  power  o^  L  109- 
*  MagDMiaiiig  pover  of,  i.  111. 

MMBre  of,  i.  107. 
Lignin,  11.  110. 
Lime,  1.  M«. 

■nd  alkaline  ialti,L4M. 

and  dhlorina,  i.  440. 

and  phoiphonu,  i.  448. 

Mdti  of,  i.  465. 

(tone,  auaj  of,  L  4J6. 

sod  mlphnr,  i.  449. 

ten  of,  ii.  4U. 

water, ).  447. 
Liniment,  volatile,  11.  183. 
Liquefaction,  i.  57. 
Lithai^,  ii.  is. 
Lithia,  i.  491. 
Lithic  add,  ii.  SM. 
Lithium,  i.  49L  . 
Litmui,  ii.  SSi. 

pnper  ai  a  teat,  iL  4!t. 
Liver  of  aulphur,  i.  414. 
Logwood,  ii.  353. 
Luna  cornea,  1>.  OS- 
Lunar  cauitic,  ii.  91. 


INDEX. 


8\5 


Mineral  chameleon,  11.  76. 

tar,  ii.  206. 
waters,  ii.  414. 

ingredients  of,  how 
detected,  iL  421. 
Miiiium,  ii.  28. 
Molasses,  ii.  161. 
Molybdates,  iL  126. 
Molybdenum,  ii.  124. 
Molybdic  add,  ii.  124. 
Morass,  ii.  159. 
Mordant,  ii.  368. 
Moroxylic  acid,  ii.  249. 
Morphia,  ii.  251. 
Mortar,  i.  467. 
Mucic  acid,  ii.  164. 
Mucilage,  ii.  164. 
Mucus,  ii.  279. 
Mucou.H  fluids,  ii.  315, 

membranes,  iL  342. 
Multiples,  laws  of  combination  in, 

L  151. 
Muriates,  i.  428. 

ammonia,  i.  436. 

antimony,  ii.  66. 

baryta,  L  476. 

cobalt,  iL  111. 

gold,  iL  81. 

gold  and  soda,  ii.  83. 

iron,  ii.  11, 

lead,  ii.  33. 

lime,  i.  463. 

magnesia,  L  490. 

manganese,  ii.  75. 

mercury,  ii.  57. 

platinum,  11.  09. 

potassa,  i.  429. 

soda,  1.  429. 

strontia,  i.  492. 

tin,  ii.  37. 
Muriatic  add,  i.  330. 

table  of  quantity  of,  in 
fluids  o(  different  sp. 
gr.  IL  486. 
tests  of,  ii.  424. 
how  prepared,  L  431. 
Muriatic  ether,  iL  156. 
Muscles,  ii.  341. 
Muscular  fibre,  ii.  341. 
Mushrooms,  prindple  in,  ii.  218. 
Myrica  cerifera,  wax  from,  ii.  176. 
Myridn,  iL  176. 
Myrtle  wax,  iL  176. 


N 


Naphtha,  ii.  205. 

Naphtha  from  coal  tar,  ii.  206. 


Kk 


Naphthaline,  ii.  214. 

Nascent  state,  i.  144.  " 

Narootin,  ii.  219. 

Neutral  salts,  L  354. 

general  propertiet  of, 

i.  357. 
nomenclature  of,  i.  354. 
Neutralization,  L  127. 
Nickel,  ii.  1 13. 

salts  of,  ii.  116. 
Nitrates,  i.  383. 

ammonia,  L  394  > 
baryta,  L  473. 
bismuth,  iL  108. 
copper,  ii.  23. 
iron,  ii.  7. 
manganese,  ii.  73. 
mercury,  ii.  53. 
nickel,  ii.  115. 
potassa,  L  383.  -  - 

silver,  ii.  90.  '  ' 

soda,  i.  394. 
strontia,  i.  481. 
tin,  ii.  37.  .  ..»  » 

zinc,  iL  42.  ^ 

Nitre,  i.  383. 
Nitric  acid,  L  210. 

table  of  quantity  of,  in 
fluids  of  different  ip. 
gr.  11.  487. 
how  prepared,  i.  388. 
tesu  of,  iL  423^ 
Nitric  oxid,  i.  215. 

how  prepared,  Ii.  28* 
Nitrogen  gas,  i.  204. 

peroxld  of,  i.  215. 
protoxld  of,  L  210. 
Nitro-murlatic  add,  i.  333. 
Nitrous  add,  i.  289. 
gas,  1.  215. 
oxid,  L  210. 

how  got,  1.  895. 
Nooth*s  apparatus,  L  296» 
NutgaUs,  u.  200. 


O 


OUgas,iL  185. 
of  vitriol,  i.  36S. 
of  wine,  ii.  151. 

Oils,  animal,  IL  281. 
essential,  ii.  186. 
fixed,  ii.  177* 
unctuous,  ii.  177* 
vegetable,  ii.  177- 
volatile,  ii.  186. 

Oino-thionic  add,  ii.  193. 

Olefiam  gas,  i.  229. 


.  'i. . 
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Oleic  acid,  ii.  182. 
OlivUe,  ii.  221. 
OUre  oU,  ii.  177. 
Opium,  ii.  261. 

tcid  of,  ii.  248. 
active  principle  of,  ii.  251. 
tests  of,  ii.  453. 
Orpiment,  ii.  253. 
Osmazome,  ii.  280. 
Osmium,  ii.  104. 
Oxalates,  ii.  239. 

ammonia,  ii.  239. 

of  lime,  ii.  240. 

magnesia,  ii.  240. 

metallic  ii.  240. 

potass,  ii.  239. 
Oxalic  acid,  ii.  237. 

tests  of,  ii.  451. 
Oxidation,  L  348. 
Oxid,  cystic,  ii.  335. 
nitric,  i.  215. 
nitrous,  i.  tlO. 
xanthic,  ii.  338. 
Oxids,  metallic,  i.  340. 

nomenclature  of,  i.  340. 
of  antimony,  ii.  63. 

bismuth,  ii.  IO7. 

chrominm,  ii.  121. 

o^alt,  iL  110. 

copper,  ii.  22. 

gold,  ii.  80. 

iron,  ii.  2. 

lead,  ii.  28. 

manganese,  ii.  ^l. 

mercury,  ii.  49. 

molybdenum,  ii.  124. 

nickel,  ii.  114. 

platinum,  ii.  90. 

silver,  ii.  88. 

tellurium,  ii.  128. 

tin,  ii.  25. 

titanium,  ii.  131. 

tungsten,  ii.  127. . 

uranium,  ii.  119. 

zinc,  ii.  41. 
Oxigen,  i.  I70. 

how  prepared,  i.  411.  ii.  75. 
Oxigenated  uric  add,  ii.  329. 
Oxi.  hydrogen  blowpipe,  i.  197. 
Oxi-muriatic  acid,  i.  254. 
Oxi-muriate  of  lime,  i.  450. 


Palladium,  ii.  105. 
Pancreatic  juice,  ii.  302. 
Paris  plaster,  i.  462. 


Particles,  elementary,  i.  114. 

integrant,  i.  114. 
Papin^s  digester,  L  7^. 
Pearl  ashes,  i.  397* 

assay  of,  ii.  454. 
Peat,  ii.  159. 
Perchloric  acid,  i.  322. 

how  prepared,  ii.  41& 
Percussion  lock,  i.  417. 
Peroxid  of  barium,  i.  47  2. 
chlorine,  i.  259. 
hydrogen,  i.  203. 
nitrogen,  i.  215. 
potassium,  i.  367- 
Perspiration,  fluid  of,  ii.  31IL 
Petrifactions,  L  458. 
Petroleum,  ii.  206. 
Pewter,  ii.  70. 
Phenicin,  ii.  351. 
Phlogiston,  i.  177* 
Phosgene  gas,  i.  268. 
Phosphates,  i.  405. 

ammonia,  i.  406. 
lime,  1.459. 
magnesia,i.  488. 

and  ammonia,  i.  488. 
silver,  ii.  92. 
soda,  i.  405. 
Phosphatic  add,  1.  304. 
Phosphorescence,  i.  106. 
Phodphori,  i.  1C6. 
Phosphoric  add,  i.  300. 

how  obtained,  i.  460. 
Phosphorous  add,  i.  303. 
Phosphorus,  i.  238. 

how  prepared,  i.  302. 
Canton*8,  i.  106. 
Phosphurets,  i.  350. 

of  caldmn,  i.  418. 
potassium,  i.  369. 
Pbosphuretted  hydrogen,  i.  241. 
Picromel,  ii.  304. 
Picrotoxia,  ii.  258. 
Pinchbeck,  iL  46. 
Piperin,  ii.  220. 
Pit  coal,  ii.  207. 
Plaster  of  Paris,  i.  462. 
Platinum,  iL  98. 

alloys  of.  IL  103. 
fulminating,  ii.  192. 
salts  of,  ii.  99. 
Plumbago,  i.  238. 
Pneumatic  chemistry,  i.  293. 
Poisons,  detection  of,  ii.  437. 
Polycroite,  ii.  354. 
Porter,  iL  141. 
Potashes,  i.  397. 

assay  of,  Ii.  454. 
Potassa^  L  37s. 
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Potassa,  how  prepared,  i.  464. 

tests  of,  ii.  424s 
Potassium,  i.  363. 
Potato  Htarch,  ii.  170. 
Precipitated  sulphuret  of  antimony, 

ii.  67. 
Precipitation,  i.  128. 
Pressure  of  the  air,  i.  165. 

influence  on  gases,  i.  170. 
Primitive  form,  i.  J  22. 
Protectors  of  oopper-sheathing,  ii.  404. 
Proportions  in  which  bodies  unite, 

i.  146. 
Prusdian  blue,  ii.  17. 
Prussiates,  ii.  15. 
Piussiate,  triple  of  potass,  ii.  15. 

colour  of  precipitates  pro- 
duced by,  ii.  490. 
Prussic  acid,  i.  341.  ii.  15. 
Purple  powder  of  Cassias,  ii.  84. 
Purpurates,  ii.  329. 
Purpuric  acid,  ii.  329. 
Pus,  u.  316. 
Putrefaction,  animal,  ii.  262. 

vegetable,  ii.  159. 
Putrefactive  fermentation,  ii.  137. 
Puzzolana,  i.  468. 
Pyrites,  iron,  ii.  7. 
Pyroligneous  add,  ii.  231. 
Pyrometers,  i.  19. 
Pyropherus  of  Uomberg,  I.  496. 
Pyro-tartaric  add,  ii.  236. 
Pyro-uric  acid,  ii.  328. 


Quantity,  its  influence  on  affinity, 

i.  135. 
Querdtron  bark,  il.  356. 
Quicksilver,  ii.  4^. 
Quinin,  ii.  256. 


Radiant  heat,  i.  36. 
Radiation  of  heat,  L  36. 
of  oold,  1.  49. 
Rays,  calorific,  in  light,  i.  100. 

chemical,  do.  i.  110. 

coloured,  of  spectrnm,  i.  108. 
Realgalr,  i.  253. 
Rain  water,  ii.  416. 
Red  lead,  ii.  28. 
Reduction  of  mettle  ii.  340. 
Refraction  of  light,  i.  105. 


Register  thermometers,  i.  17' 
Remote  attractions,  i.  115. 
Rennet,  ii.  311. 
Repulsion,  i.  xiv. 
Resins,  ii.  192. 
Respiration,  ii.  292. 
Rete  mucosum,  ii.  340. 
Retinasphaltum,  ii.  207* 
Rhodium,  ii.  105. 
Rochelle  salts,  ii.  234. 
Rosadc  add,  ii.  329. 
Rum,  ii.  143. 
Rust  of  iron,  ii.  28. 

how  prevented,  ii.  406, 
Rutherford^s  thermometer^  i.  18. 


Saccho-lactic  add,  ii.  314. 

Safety  lamp,  L  234. 

Saffron,  ii.  354. 

Sago,  ii.  169. 

Salop,  ii.  169. 

Sal  ammoniac,  i.  436, 

Salifiable  base,  i.  357. 

Saline  mineral  waters,  ii.  419. 

Saliva,  ii.  298. 

Salt,  common,  i.  436. 

of  lemon,  ii.  239. 

of  tartar,  i.  397. 
Salts,  neutral,  i.  357. 
Sandiver,  i.  504. 
Sarcocoll,  ii.  221. 
Saturated  solution,  i.  148. 
Saxon  blue,  ii.  350. 
Scale  of  equivalents,  ii.  403. 
Scheele*8  g^reen,  ii.  25. 
Sea  water,  ii.  420. 
Sediment,  lateritioos,  ii.  918. 
Secondary  form,  i.  122. 
Seleniates,  i.  421. 
Selenic  acid,  1.  324. 
Selenite,  i.  462. 
Selenium,  i.  275. 
Selenuretted  hydrogen,  i.  337* 
Serosity,  ii.  284. 
Serum  of  blood,  ii.  284i. 
Serous  membranes,  IL  342. 
Sesquicarbonate  of  aBmoniA,  L  409L 
Shells,  ii.  346. 
Silica,  i.  499. 

test  of,  Ii.  427. 
SUicates,  i.  503. 
Silicated  potassa,  i.  503. 
Siliceo^uoric  add,  i.  501. 
Silicon,  i.  500. 
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*  SUicum,  i.  499. 

Silk,  bitter  prindple  from,  IL  S50. 
SUrer,  ii.  88. 

alloyB  of,  ii.  95. 
chlorid  of,  IL  89. 
fulminating,  ii.  93. 
oxidi,  ii.  88. 
salts  of,  ti.  90. 
standard,  it  95. 
sterling,  ii.  95. 
Sise,  ii.  273. 
Skin,  U.  339. 
Slaked  lime,  i.  U?. 
Smalt,  iL  112. 
Soap,  ii  179. 
Soda,  L  376. 

tests  of,  iL  425. 
Sodium,  i.  370. 
Solania,  iL  260. 
Solar  rays,  i.  103. 
Solder,  iL  40. 
Solution,  L  128. 

saturated,  i.  148. 
Sorbic  acid,  ii.  243. 
Sorrel,  salt  of,  ii.  239. 
Sources  of  cold,  i.  95. 
heat,  L  84. 
Spar,  heary,  i.  475. 
fluor,  i.  454. 
Specific  gravity,  ii.  463. 

altered  by  heat,  i.  8. 
Specific  caloric,  i.  53. 
Speculum,  metal,  ii.  40. 
Spectrum,  prismatic,  i.  108. 
Speiss,  iL  115. 
Spermaceti,  ii.  282. 
Sperm  oil,  iL  281. 
Spirit,  pyroxilic,  ii.  217. 

of  mindererus,  ii.  225. 
of  sea  salt,  f .  330. 
of  wine,  ii.  144. 
Spontaneous  evaporation,  L  196. 
Spring  water,  iL  416. 
Stalactites,  L  458. 
Standard  gold,  ii.  85. 

silver,  ii.  95. 
Starch,  ii.  166. 
Starchy  lignin,  iL  167. 
Steam,  elasticity  of,  i.  74. 

latent  heat  of,  i.  76. 
table  of  force  of,  iL  481. 
used  as  a  means  of  heating, 
L  81. 
Stearic  acid,  ii.  183. 
Steel,  ii.  4. 
StiU,  i.  80. 
Strontia,  i.  480. 

salts  of,  L  481. 
Strontium,  i.  480. 


Strychnia,  iL  257. 
Stucco,  L  462. 
Suberic  add,  iL  218. 
Suberin,  iL  218. 
Suet,  ii.  281. 
Sugar,  iL  160. 

of  diabetic  urine,  ii.  339. 
of  lead,  iL  227. 
of  milk,  iL  314b 
Sulphates,  L  408. 

alumina  and  potawa, !.  494. 
ammonia,  i.  410. 
baryta,  L  475. 
copper,  ii.  24. 
iron,  ii.  9. 
lead,  ii.  39. 
lime,  i.  461. 
magnesia,  L  489. 
manganese,  U.  74. 
mercury,  ii.  56. 
potass,  L  408. 
silver,  iL  92. 
soda,  i.  409. 
strontia,  i.  483. 
quinia,  ii.  856. 
sine,  ii.  43. 
Sulpho-cyanates,  i.  441. 
Sulpho-chyazic  add,  i.  343. 
Sulpho-cyanic  acid,  i.  S42. 
Sulpho-vinic  add,  ii.  153. 
Sulphur,  i.  248. 
Sulphureous  waters,  ii.  419. 
Sulphurets  of  antimony,  iL  65. 
arsenic,  i.  252. 
barium,  L  475     478* 
caldum,  L  462. 
carbon,  i.  250. 
chlorine,  i.  269. 
iodine,  L  27a 
iron,  IL  6. 
lead,  ii.  30. 
lime,  L  448. 
mercury,  iL  5J. 
metals,  i.  351. 
potassa,  i.  375i. 
potassium,  L  369. 
selenium,  I.  276. 
silver,  ii.  89. 
soda,  i.  377. 
sodium,  L  S71. 
strontium,  i.  483. 
tin,ii.  36. 
cine,  iL  32. 
Sulphuretted  hydrogen,  i.  326. 
Sulphuretted  chyazic  add,  i.  S43. 
Sulphuric  add,  L  308. 

how  got,  i.  392.  U.  10. 

Sulphuric  add,  table  of  f  timgtii  «dL  ii* 

485.  ^  . , 
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Sulphuric  acid ,  tests  of,  ii.  42 i. 
Sulphuric  ether,  ii.  151. 
Sulphurous  add,  i.  314. 
Sweat,  ii.  316. 
Synovia,  ii.  316. 
Synthesis,  i.  124. 
Synip,  ii.  162. 


Tallow,  ii.  281. 
Tan,  ii.  198. 
Tannin,  ii.  198. 

artiticial,  ii.  203. 
Tanninf^,  ii.  269. 
Tanuret  of  gelatin,  ii.  268. 

of  iron,  ii.  199. 
Tantalum,  ii.  132. 
Tar,  mineral,  ii.  206. 

vegetable,  ii.  212. 
Tarras,  i.  468. 
Tartar,  ii.  231. 

cream  of,  ii.  233. 
emetic,  ii.  235. 
salt  of,  i.  397. 
soluble,  ii.  234. 
Tartrates,  ii.  233. 

antimony  and  potass^  ii.  235. 
lime,  ii.  235. 
potass,  ii.  234. 
potassa  And  soda,  ii.  234. 
soda,  ii.  234. 
Tartaric  acid,  ii.  231. 
Tawing,  ii.  271. 
Tears,  ii.  315. 
Teeth,  ii.  345. 

Telluretted  hydrogen,  ii.  129. 
Tellurium,  ii.  128. 
Temperature,  i.  1. 

Influence  over  attraction,  i. 
138. 
Tendons,  ii.  342. 
Terra  ponderosa,  i.  271. 
Thermometer,  i.  12. 

air,  i.  12. 
centigrade,  i.  16. 
differential,  i.  13. 
of  Celsius,  i.  13. 
of  Fahrenheit,  i.  15. 
of  Reaumur,  i.  15. 
Thermoscope,  i.  39. 
Thorina,  i.  513. 
Tin,  ii.  84. 

alloys  of,  ii.  39. 
oxids  of,  ii.  35. 
•altf  of,  ii.  37. 
Tincal,  i.  407. 


Tinned  iron,  ii.  39. 
Tinning,  ii.  89. 
Tinsel,  ii.  46. 
Titanic  acid,  ii.  131. 
Titanium,  ii.  130. 
Tragacanth,  ii.  167. 
Treacle,  ii.  161. 
Truncation,  i.  121. 
Tungsten,  ii.  126. 
Tungstic  acid,  ii.  127. 
Turpeth  mineral,  ii.  57. 
Turmeric,  used  as  a  dye,  ii.  356. 
as  a  test,  ii.  424. 
Turpentines,  ii.  193. 

oil  of,  ii.  187* 
Type  metal,  it.  70. 


U 


Ulmin,  ii.  221. 
Uranium,  ii.  119. 
Urates,  ii.  227- 
Urea,  or  uree,  ii.  323. 
Uric  acid,  ii.  326. 
Urine,  ii.  317. 
Urinary  calcub',  ii.  330. 


Vacuum,  boiling  in,  L  71. 

evaporation  in,  i.  96. 
Vaporization,  i.  66. 
Vapour,  i.  66. 

of  alcohol,  force  of,  ii.  479. 

of  ether,        do.  IL  479. 

of  water,        do.  ii.  479. 

condensation  of,  1.  67* 
Vegetable  acids,  ii.  223. 

alkalies,  ii.  250. 
chemistry,  ii.  134. 
mould,  11.  159. 
principles,  ii.  161. 
Veratria,  ii.  259. 
Verdigris,  ii.  226. 
Vermilion,  iL  61. 
Vinegar,  ii  157. 

distilled,  iL  222. 

from  wood,  ii.  158. 
Vinous  fermentation,  ii.  138« 
Vital  air,  L  171. 

Vitreous  humour  of  the  eyey  iii  3I5i 
Vitriol,  blue,  U.  24w 

green,  ii.  9. 

oil  of,  i.  308. 
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